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pioneer in the field of liquid propellant rocket engines—now, a part of 
Thiokol Chemical Corporation, is contributing important advances in 
rocket engineering. Developing power plants for the Air Force’s X-15 
~ manned rocket plant is one of the current projects. With the addition | 
_of Reaction Motors Division's experienced personnel and modern facili- 
ties, Thiokol has expanded its leadership in the design, development 
ad. production of rocket propulsion systems to both solid and liquid. 
Engineers, scientists perhaps there's a place for you in Thiokol's 
expanding organization. Our new projects pr allenging problems 


REACTION moTORSs of Thiokol 
New Jersey 
Reaction Motors—America’s first rocket company and an outstanding 
and the chance for greater responsibility. 
Ato © CHEMICAL CORPORATION | 
TRENTON, Ne“J.- ELKTON, MD. * HUNTSVILLE, BRISTOL, PA. 
DENVILLE, Np J. MARSHALL, ‘TEXAS MOSS POINT, MISS. BRIGHAM, CITY, UTAH 
®Registered trademark of the Thiokol Chemical Cor if n, for-its liquid polymers, rocket propellants; plasticizers and other Chemical products. 


Do you know about 
Gask-O-Seals? 


THIS 
Gask-O-Seal 


EXCEEDS 
HERMETIC 
SPECS! 


Gask-O-Seals often equal or exceed specification for 
hermetic sealing. The one shown here, for instance, has 
eight sealing points and is on one of our newest 
missiles. The leakage rate is less than the original 
hermetic seal specification called for which is about as 
perfect as any seal can be. 

Gask-O-Seals are high and low pressure static seals 
which require NO groove machining to accommodate. 

A flat surface with only a 125 RMS surface finish is all 
you have to provide to get positive sealing with a 
Gask-O-Seal. 

There are many other outstanding features about 
Gask-O-Seals: Limited area for fluid attack, no loss of 
structural strength, rigid, easy to install and replace, no 
tolerance build-up possible in seal cavity, etc. 

Why not find out about Gask-O-Seals and the other 
seals of Parker Seal Company's ““O-Seal Family’’W—by 


Before Fastener After Fastener 


the makers of Parker O-rings. 


arker 
SEAL COMPANY 


CULVER CITY,CALIF.eCLEVELAND,12,OHIO 


A DIVISION OF Parker Hannifin CORPORATION 


(Formerly F C. Wolfe Co. & Rubber Products Div. of Parker Appliance Co.) 
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Typical rectifier — 
advanced design 
produced by International 
Rectifier Coporation 
for military application. — 
Rated at 12,500 volts PIV 
at 5 amps. rectified dc. 


PRESCRIBED RELIABI LITY 
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Rectifier Corp. 


PRESCRIBED RELIABILITY ... . essential to space-age technology 

supplies you with enforceable procurement documents 
that prescribe the reliability needed, coupled with the engi- 
neering and manufacturing skills required to deliver recti- 
fiers heretofore unavailable ...designed, manufactured and 
tested to perform within the prescribed specifications of 
the contract! 

This concept is the basis for the development of highly 
reliable, ruggedized rectifiers now available through the 
Military Products Department of International Rectifier 
Corporation. Through advanced design and manufacturing 
techniques, this group can supply you with standard or spe- 
cial units, all manufactured to meet the most rigid military 
requirements, plus physical and electrical reliability to any 


degree... 
group. 
PRESCRIBED RELIABILITY SPECIFICATION SERVICE 

To simplify your procurement, proposed specifications in 
the latest military style, containing as a part of the require- 
ments the design and life-test pattern found to be correlated 
with known field failure rates, will be supplied to qualified 
customers without charge. These specifications will be writ- 
ten to include any degree of reliability in a manner enforce- 
able as a procurement document. 

Write for the 8 page brochure that describes the steps 
taken to achieve “prescribed” reliability and the tools sup- 
plied by International Rectifier to simplify your design and 
procurement problems. There is no obligation, of course. 


prescribed by you, or by our own capable advisory 


ADDRESS INQUIRIES TO: MILITARY PRODUCTS DEPARTMENT, INTERNATIONAL RECTIFIER CORPORATION, EL SEGUNDO, CALIFORNIA 


WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS * SELENIUM ¢« GERMANIUM « SILICON 
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‘electronic escorts’ 


bring all-weather travelers safely home 


Soon now, TI-built and TI-modernized airport surveillance 
radars will meet air travelers far outside congested airport 
areas and escort them electronically to an ideal approach 
fix. The Civil Aeronautics Administration has already 
ordered this potent safety factor for more than seven dozen 
major U. S. airports. Able to keep tabs on large numbers of 
aircraft operating in airport approaches (up to 60 miles 
distant), TI radars will log all aerial moving objects over 
video maps pinpointing navigational aids and hazards. In 
“ducks only” weather, the traffic controller can switch from 
linear to circular polarization for a clear look through clouds 
and precipitation. 

Close kin to Texas Instruments military and industrial 
electronics, TI airways radar benefits from the most advanced 
technologies practiced today. Details on this new aspect of 
TI’s 28-year-old capabilities may be obtained by writing to: 
Service Engineering Department... 


TEXAS INSTRUMENTS 


6000 LEMMON AVENUE DALLAS 9. TEXAS 


apparatus division 


systems management 


systems — reconnaissance, airways control, anti- 
submarine warfare, anti-missile, countermeasures, 
airborne early warning, navigation, attack control, 
missile systems, engine control. 


equipments — radar, infrared, sonar, magnetic 
detection, computers, timers, telemetering, inter 
com, microwave, optics, detector cells, engine 
instruments, transformers, time standards, and 
other precision devices. 


research /design/development/manufacture 
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Astro notes 


SPACE 
EXPERIMENTS 


MISSILES 


¢ ARPA may abandon its moon-scanner experiment in one or both of the remain- 
ing AF lunar probes. Mounting curiosity about the exact composition, intensity 
and extent of the earth’s corpuscular radiation field, coupled with negligible value 
of a chancy and, even if successful, crude photo of the other side of the moon, are 
main factors in “re-appraisal” of lunar vehicle instrumentation. 


© Army’s first “moon shot” may also be a misnomer. Army brass, mindful of guid- 
ance and control problems involved in project of this type, may aim their vehicle 
in the general direction of the moon and let ’er rip, hoping that, even if it misses 
its target by a wide margin, its velocity will be sufficient to send it past the moon 
and out into space, perhaps as far as 300,000 or 400,000 miles, to gather as much 
data as possible about the extent of the radiation band. 


¢ Four more Vanguard shots remain after the attempt scheduled for mid-Sep- 
tember to put the cloud-cover experiment in orbit. SLV-4 is committed to the 
13-in. magnetometer experiment and NACA’s inflatable subsatellite, with SLV-5 
earmarked for the radiation-balance experiment. No experiments have been 
assigned as yet for SLV-6 or 7, although the latter is tentatively scheduled to 
utilize ABL’s high-energy third stage to put as much as a 50-lb payload in orbit. 
The program will not be completed until next year, although IGY officially ends 
Dec. 31. 


¢ Look for important findings from Project Eclipse, IGY program to study solar 
radiation with sounding rockets Oct. 12, just before and after eclipse at Danger 
Islands in South Pacific. Data may unify results from a variety of atmospheric 
studies at altitudes to 250 miles. 


® Bearing breakdown in lox pump is said to have caused failure of Thor booster 
in August moon shot. Explorer V failed to orbit because booster under residual 
thrust rammed upper stages after separation. 


e Sputnik IT ended in the drink off coast of Brazil or in Brazilian jungles. 


e The two dogs the Soviets brought to earth alive and in good health in a para- 
chute-braked capsule ejected from a sounding rocket that reached 279-mile alti- 
tude strengthened expectations that Russia will try a low-altitude man-carrying 
satellite in the near future. Leonid Sedov, IAF vice-president and leader of the 
Russian IAF delegation, says this project has priority topping even firing of moon 
probe by U.S.S.R. 


e With big facilities for methylamine production going onstream, more will be 
heard about UDMH and storable liquid rocket engines, small (see page 86) and 
large. 


e Arthur D. Little and Minneapolis-Honeywell teamed to produce an automatic 
propellant-loading system for liquid missiles that cuts countdown time appre- 
ciably. Linde, moreover, will shortly announce exceptionally efficient means for 
insulating and rapidly transferring lox. 


e AF Bomarc publicity brought defensive talk from Army authorities, who feel 
Army Nike-Hercules was unjustly disparaged in some newspapers. Permanent 
N-H installations guard New York, Chicago and Washington, D.C. areas, but 
Army has under development a mobile N-H launching system. Army countered 
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INDUSTRY 


BUDGET 


SPACE TALK 


R&D 


with announcement that a 450,000-lb thrust Thiokol motor for Nike-Zeus, the anti- 
missile expected to succeed N-H, was static-fired successfully recently. 


¢ Marquardt has joined with Applied Radiation Corp. (ARCO) of Walnut Creek, 
Calif., to study electrical and ion propulsion for space flight. ARCO specializes 
in high-current linear accelerators. 


e A newly formed nonprofit corporation, MITRE (MIT Research and Engineer- 
ing), will service AF’s Air Defense Integration Div. much as Space Technology 
Labs does for BMD. Move aims at freeing Lincoln Labs scientists for basic 
research. 


¢ From $39 billion DOD budget, highest since 1953, AF will get $17.9 billion, 
Navy $11.4 billion, Army $9 billion. Navy leads in R&D funds, with $821 million 
slated as against $743 million for AF. ARPA drew $540 million, a whopping $240 
million more than expected. 


¢ In New York before IAF meeting, Theodore von Karman said he thought U.S. 
might bring a man safely through re-entry, and land him in a designated area, 
three years after starting a development program for this purpose. At IAF meet- 
ing, Wernher von Braun gave five years for manned re-entry with controlled land- 
ing, as did Walter Dornberger early last summer. 


e¢ Vanguard on a Titan booster may constitute first Mars probe. 


¢ International cooperation in astronautics drew support from U.S., through a 
resolution set before U.N. to bring space programs under its auspices, and from 
IAF, through a resolution calling for a special convention to discuss space law, 
a four-point program for cooperative projects, and a proposal for an international 
institute of astronautics. 


¢ ARPA has directed the Army to develop a rocket engine with about 1'/s 
million pounds of thrust. Authorization follows prior assignment to AF for a 
powerplant in this range. Army, however, will cluster several engines to achieve 
the thrust figure and will probably complete the task before AF finishes work on 
its huge single-barrel motor. Most likely contractor for the Army job is Rocket- 
dyne, also building the AF engine. Reason: Rocketdyne has already developed 
and test-fired components of 300,000-Ib engine in which Army had a financial 
share. 


¢ There’s more than meets the eye in current AF research rocket shots at Cape 
Canaveral. NACA five-stage rocket (see page 22) is being used ostensibly to 
gather data on newly uncovered radiation belt at altitudes up to 800 miles. Work 
is being carried out by BMD as “agent” for ARPA, with large portions of the 
program highly classified. 


¢ Westinghouse revealed that certain thermoelectric (mixed-valence) compounds 
give usable amounts of electricity for present satellite applications, and will be 
practical for power generation at 2000-3000 F within five years. 


¢ Studies of matter in degenerate state near absolute zero with the giant electro- 
magnet at UCal may advance radar, guidance and computer developments. 


¢ Bell Aircraft reported static firing a large rocket engine with liquid fluorine as 
oxidizer under supervision of WADC’s Lewis Flight Propulsion Lab, indicating 
fluorine systems are on the verge of becoming practical. 
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TEMPERATURE ~ °F 


TEMPERATURE AND AIRFLOW 
SENSING ELEMENT 


AIR-FLO TEMPERATURE 


cooling effect detection 


BARBER : and control* systems for 


COLMAN 


critical heat-generating areas 


senses, controls temperature and/or airflow @ 


reduces engine power required for cooling 


‘navigation, communication, guidance equipment 


DUAL CHANNEL 
CONTROL BOX maintains constant cooling effect m 


When cooling critical aircraft and missile equipment, such 
as electronic units, by means of air, the Barber-Colman 
CEDAC system will reduce engine power needed to provide 
proper results; CEDAC does this by programing the air 
temperature and/or weight flow to maintain a constant 
cooling effect in the supply air. Typical performance curve 
below indicates how the system provides adequate cooling 
4 by holding specified temperature-airflow conditions. For 
PNEUMATICALLY OPERATED complete data on CEDAC, the new cooling effect detection 
and control system, consult your nearest Barber-Colman 
engineering sales office, or write direct for data sheet F-8512. 


CURVE 


SINGLE 
CHANNEL 
MAGNETIC 
AMPLIFIER 


CHANNEL 
MAGNETIC 
AMPLIFIER 


attay 


anay 
ciacurt 


PuLse 
NETWORK 


DETECTOR DETECTOR 


CEDAC TURBINE BYPASS MODULATED SYSTEM (Typical operation shown by circuit above.} 
Cooling effect detector senses compartment supply temperature and airflow. System positions 
pneumatically operated valve to match supply temperature and airflow with given performance 
curve, as shown at left. In event of power failure, valve will go to full closed position for 
full cooling. Circuits can be altered to provide fail-safe open, closed, or last position. 
CEDAC TRANSFER FROM RAM AIR TO REFRIGERATED AIR SYSTEM (Typical operation shown 
above, right.) Cooling effect detector senses compartment supply temperature and airflow. 
When cooling capacity of ram air is insufficient the control system transfers compartment input 
to a refrigerated air source. CEDAC can also be employed as a warning or shut-down system, 
so that with loss of cooling air over the refrigeration condenser, compressor drivemotor dis- 
connects and warning light is operated. 


AIR FLOW  LB./MIN. 


Barber-Colman Company 
191 Hillside Avenue 
Williston Park, L.I., N.Y. 
Telephone: Pioneer 2-5313 


BARBER-COLMAN COMPANY 


Dept. J, 1494 Rock St., Rockford, Illinois 


Barber-Colman Company Barber-Colman Company Barber-Colman Company Machinery & Equipment Sales Barber-Colman Company Rousseau Controls Limited 
190 East Glenarm Street Boeing Field Ridgelea State Bank Bldg. 1012 Cathedral Street Alexander and Eames Street 640 DeCourcelle Street 
Pasadena 2, California Seattle 8, Washington Fort Worth 16, Texas Baltimore, Maryland Framingham, Massachusetts Montreal 30, Quebec 
Telephone: Ryan 1-2811 Telephone: Mohawk 4820 Telephone: Pershing 2-0370 Telephone: Lexington 9-1311 — Telephone: Trinity 5-5279 Telephone: Glenview 3521 
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Advanced missile and 
space projects 
require Kngineers and 
Scientists to work on 


THE FRONTIERS OF SPACE 


Lockheed Missile Systems Division, recently honored at the first National 
Missile Industry Conference as “the organization that contributed most 
in the past year to the development of the art of missiles and astronautics’ 
holds such important, long-term projects as: the Navy Polaris IRBM, 
Earth Satellite, Army Kingfisher target missile, and the 

Air Force X-7 ramjet test vehicle. 

To carry out such complex projects, the frontiers of technology in all 
areas must be expanded. Responsible positions in our research and 
development laboratories and in our project organizations are available 
now for high-level engineers and scientists. 

If you are experienced in physics, mathematics, chemistry or one of th 
engineering sciences, your inquiry is invited. Please write Research and 
Development Staff, Sunnyvale 14, California. (For the convenience of thos 
living in the East and Midwest, offices are maintained at Suite 745, 
405 Lexington Ave., New York 17, and at Suite 300, 840 N. Michigan 
Ave., Chicago I 1.) 
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FLIGHT IN THREE MEDIUMS 

Several things set the Polaris apart from other 

outer space weapons in the ballistic missile category, 

for the Polaris program involves a wholly new 

concept of weaponry: 

1. It will be dispatched from beneath the surface 
of the sea. 

2. It will be radically smaller than currently 
developed land-launched missiles, yet its payload 
will be as effective and its range the same as 
other IRBMs. 

3. It will be the first operational outer space missile 
to employ solid fuel as a propellant. 

4, It will travel through three mediums in a single 
flight: water, air, outer space. 

5. Its launching base—a submarine —is not fixed but 
a mobile vehicle. 


OUTER SPACE PROGRAM 
Very little can be said about the Earth Satellite pro- 
gram at this time except that its success will necessitate 
advancing the state of the art in all sciences. 

The Earth Satellite Project is perhaps the most 
sophisticated outer space program to reach the 
“hardware” stage in the U.S. today. 


TECHNOLOGY 


ENEMY SIMULATOR 

The Kingfisher is the nation’s fastest target 
missile, developed for the Air Force and currently 
being manufactured for the Army to test 

the accuracy of our newest supersonic weapons. 

It is a ramjet target vehicle with Mach 2-plus 
capabilities. The Kingfisher not only has the speed to 
match the defensive missiles, but can also simulate a 
vast array of supersonic enemy missiles and airplanes 
attacking from great height. It is instrumented 
to score near misses and even theoretical hits without 
itself being destroyed. 

It is recoverable from flight by parachute to be 
flown again, permitting weapon system evaluation to 
be conducted at greatly reduced cost. 


Lockheed 


MISSILE SYSTEMS DIVISION 


SUNNYVALE + PALO ALTO + VAN NUYS + SANTA CRUZ 
COOKE AIR FORCE BASE, CALIFORNIA 
CAPE CANAVERAL, FLORIDA - ALAMOGORDO, NEW MEXICO 
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Capital wire 


SPACE WEAPONS 


e Military scientists are pondering the possibilities 
of lightweight particle accelerators as weapons 
against manned space satellites. They think it 
might be possible to produce vast increases in 
radiation intensity within the earth’s geomagnetic 
trap. Such a weapon could produce storms of 
high-energy electrons in a very short time. The 
electrons would spiral around the earth’s magnetic 
field lines, and penetrate even shielded satellites. 

e The moon’s potential as a reconnaissance satel- 
lite was a subject of discussion at the Amsterdam 
IAF meeting, much to the annoyance of Navy 
officers in the Pentagon. The Navy is building a 
$60 million radio telescope at Sugar Grove, W. Va., 
with a parabolic dish more than 400 ft in diam. 
Although NRL is generally believed to be in charge 
of the facility, this arrangement is merely a “cover” 
for one of the nation’s lesser-known intelligence 
agencies. It is believed the Sugar Grove instru- 
ment will be sensitive enough to detect the reflected 
radio emanations of rocket motor exhausts and 
other heat sources by tuning in on the moon. 


SATELLITES 


e Dr. Wernher von Braun said a freak accident 
prevented Explorer V from achieving an_ orbit. 
After separation of the first stage from the re- 
maining three stages, residual gases and_ liquids 
remaining in the Redstone rocket expanded in the 
vacuum of space, nudging it ahead with sufficient 
thrust to strike the upper stage package and prevent 
its proper injection into orbit. Special precautions 
will be taken in the future to prevent a recurrence. 


RADIATION BARRIER 


e Fred Singer, Univ. of Maryland physicist, pro- 
posed a novel means to neutralize the recently dis- 
covered radiation belt: Sweep it out with one or 
more large aluminum satellites. Singer conjectured 
that the radiation consisted of high-energy protons 
originating from decay of neutrons produced by 
cosmic ray bombardment of the atmosphere. De- 
spite the measurements of 10 to 100 roentgens 
above 600 miles, Singer believes there are only a 
relatively small number of particles in the earth’s 
geomagnetic trap. His figures indicate a_ total 
charged particle population of only 10 to the 16th, 
compared, for example, with a number like 10 to 
the 19th electrons per sec required to energize a 
100-watt bulb. 

Other scientists disagree with Singer, noting that 
evidence from the radio phenomenon called 
“whistlers” indicates an outer space ion density 
much greater than the level Singer suggests. Some 
believe that the Explorer satellites have merely 
scraped the lowest level of radiation intensity, and 
that the main belt will be found at an altitude of 
20,000 to 80,000 miles. Singer believes it begins 
at 250 miles, reaches its maximum intensity at 
6000 miles and fades away at about 40,000 miles 
distance. 

Whatever the origin of the radiation belt, scien- 
tists generally were feeling more optimistic that it 
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News highlights from Washington 


could be circumvented. They felt satellite orbits 
below 300 miles would be safe for human astro- 
nauts, and agreed with Singer that space ships 
could be launched into space on polar trajectories 
and thereby avoid most of the radiation flux. De- 
clared Dr. Herbert York, Chief Scientist, ARPA: 
“At the very worst, it should be only several diam- 
eters of the earth wide and a space ship would be 
through it in several hours, certainly not long 
enough for a fatal radiation dose from what we 
know now of the band.” 


LUNAR PROBE 


e Washington was disappointed but not discour- 
aged at the failure of the Air Force’s initial effort 
Aug. 17 to hurl an 84-lb instrumented package at 
the moon. Officials privately congratulated them- 
selves for the deliberately pessimistic tone of their 
prelaunching statements, but at the same_ time 
braced themselves for another Russian space ex- 
travaganza. Most officials here believe the Rus- 
sians can direct a fully guided probe at the moon 
any time they choose because of their superior 
launching capability. But reports from overseas, 
and particularly from the IAF meeting in Amster- 
dam, persistently indicated the Russians were plan- 
ning to fire a man into space in the relatively near 
future. This theory was given support by the 
Soviet announcement that it has safely recovered 
two dogs launched 281 miles into space by a single- 
stage rocket. 

e Chief consideration in the timing of the USAF 
lunar shots is the requirement that the nozzle of 
the fourth-stage retro-rocket in the moon probe be 
pointed at the correct angle when the probe ap- 
proaches the moon. This is about 50 deg clock- 
wise of the vehicle’s trajectory across the moon’s 
orbit. Since the entire probe is spin-stabilized and 
cannot be adjusted after it leaves the earth, it must 
be launched during the three or four days when it 
will be oriented at the proper angle on approaching 
the moon. 


MISSILES 


e The Air Force has quietly recovered instru- 
mented capsules from two Thor missiles fired more 
than 1200 miles at Cape Canaveral June 13 and 
July 12. The capsules utilized inflatable buoys, 
salt water-actuated radio transmitters, SOFAR 
bombs and related gear to aid recovery. Weighing 
some 20 lb each, the General Electric capsules con- 
tained tape records of the same data on nose cone 
performance telemetered to range stations during 
re-entry. They were recovered about the same 
time the airmen failed to retrieve two mouse- 
inhabited Thor-Able nose cones launched into the 
South Atlantic during the summer. 


e The Navy is continuing to support development 
of the guidance system slated for the defunct Triton 
ramjet missile Triton was canceled in the financial 
squeeze last year, but the Applied Physics Labora- 
tory of Johns Hopkins has continued to work on its 
“Atranertial” guidance system with Goodyear Air- 
craft Corp. and Kearfott Co., Inc., subsidiary of 
General Precision Equipment Corp. 
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COMPLETE ROCKET MOTORS 


High altitude research rocket motors of missle hardware Diversey knows and 
built by Diversey in their final check out uses modern techniques that would 
before shipping. Another example of _ startle you. 

how Diversey Engineering integrates the +» You have the largest facilities and the m 


finest and most advanced contour ma- most modern equipment for your hard- SEND MACHINING 
chining techniques into the building of | ware problems at Diversey Engineering. FOR 
complete rocket motors. In this field we know what works and 
We make everything from special com- what won't. Contact us on your rocket FREE 
ponents to complete rockets. Inthe area motor problems. BOOKLET 


4 » e LEADERS IN CONTOUR MACHINING 
t Dwersey ENGINEERING COMPANY 
10550 WEST ANDERSON PLACE 
FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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high-energy fuel 
briefs from Callery 


Callery, GM, Thiokol sign working agreement — 
The working agreement between these three 
firms is aimed at developing advanced devices 
in the field of guided missiles and space travel. 
Callery, General Motors and Thiokol have 
already done extensive pioneering in specific 
phases of missile and space development. 
Callery will provide the combination with pro- 
pellant components for space vehicles. The new 
agreement does not restrict the participants from 
working with other companies in the same areas. 


HiCal® high-energy fuel for the Navy — The 
first production quantities of HiCal-3 — were 
made at our new Lawrence, Kansas plant in 
August. Virtually all fuel from the Lawrence 
plant is earmarked now for the military. Quanti- 
ties of HiCal may become available in the future 
however, for authorized users. 


New Muskogee, Oklahoma plant on contract 
schedule — The Navy HiCal facility at Muskogee, 
Oklahoma is still under construction, and on 
contract schedule. First process units will start 
up in September. 


New pyrophoric ramjet fuel: Triethylborane — 
TEB is spontaneously flammable in air, but does 
not react with water. Density at 25°C is 0.68. 
Melting point is —92.5°C. Boiling point is 95°C. 
Heat of combustion is 20,200 B.t.u./lb. It is 
miscible with hydrocarbons, so it can be used as 
an additive to conventional fuels. 

TEB has much wider flammability limits than 
hydrocarbons. Thus TEB permits higher altitude 
flights and simpler engines. For further data 
send for new Technical Bulletin CCC-310 and 
Handling Bulletin CCC-311. 


A suggested heat sink: Lithium Borohydride — 
LiBH, is a solid — melts at about 532°F with 
decomposition. Complete decomposition at 
1800°F would absorb more than 6,000 B.t.u./Ib. 
It is soluble in hydrazine and the solution may 
be a good rocket fuel. Write for Technical 
Bulletin CCC-130 for more information. 


Phone: FOrest 4-1130 
TWX: Perryaville, Pa. 117 


Benjamin S. Yaffe 
Technical Service Engineer 
Fuels and Propellants 
Callery Chemical Company 
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For the record_— 


Aug. 


Aug. 


Aug. 


Aug. 


Aug. 


Aug. 
Aug. 
Aug. 
Aug. 


Aug. 


Aug. 
Aug. 


Aug. 
Aug. 


The month’s news in review 


1—AF reveals development of a jam-proof, all 
inertial ICBM guidance system by Arma Div. 
—Army discloses Pershing IRBM will be a two- 
stage weapon with inertial guidance system. 
—AEC announces test detonation of a nuclear 
warhead at high altitude over the Pacific, re- 
portedly using an Army Redstone for its ve- 
hicle. 


2—AF successfully gets off its first Atlas ICBM 
with full propulsion system to a distance of 
2500 miles. 
—NAS forms 16-member Space Science Board 
to be directed by Lloyd V. Berkner. 


6—Preliminary analysis of data from Explorer 
IV indicates radiation 167 times more intense 
than encountered by earlier satellites. 


7—Bomarc missile is successfully launched in 
Florida by remote control from N.Y., but fails 
to hit its target. 
—AF balloon carrying animal life rips apart at 
60,000 ft. 


8—Atomic sub Nautilus becomes first craft to 
sail under the polar ice cap, doing 1830 miles 
in record four days. 
—Pres. Eisenhower names T. Keith Glennan 
to head NASA and Hugh L. Dryden as deputy 
chief. 
—House votes four-year, $900 million aid to 
science education bill, but deletes Federal 
scholarship provision. 


9—Fifth and last IGY assembly ends and re- 
solves to continue in 1959. 


12—Second U.S. nuclear sub, the Skate, sails 
under North Pole. 


14—Senate Space Committee okays nominations 
of T. Keith Glennan and Hugh L. Dryden. 


17—AF moon shot fails, going less than 10 miles. 


19—East-West scientific conferees agree on de- 
tection system for monitoring international ban 
on nuclear weapon testing. 

20—Nuclear sub Triton is launched. 

23—AF says Explorer IV data indicates a 250- 
mile-high safety zone above the earth in which 
manned satellite travel is possible. 
—Congress okays science education bill, sends 
it to President for his signature. 

24—-Army’s Explorer V fails to orbit. 

27—Army discloses it has test fired a rocket motor 
having several hundred thousand pounds of 
thrust. 
—Bell Aircraft says it has successfully tested a 
rocket engine using liquid fluorine as an oxi- 
dizer. 
—Soviets announce firing of rocket containing 
two dogs 281 miles high, and returning them 
safely back to earth. 


. 30—Wernher von Braun explains Explorer V 


failure as caused by high-altitude collision be- 
tween parts of its rocket units. 


M 
| 
) 
he 
4 
‘ 
Aug 


Oi, kerosene, and alcohol “burn” by combining chemically with oxygen from 
the air. But it takes pure oxygen with these fuels to speed rocket planes faster 
than sound ... to drive missiles beyond the earth’s atmosphere. 

Liquid oxygen, vital to today’s rocket engines and many types of missiles, 
was being produced by LINDE as long as 25 years ago. In fact, LINDE has been 
supplying oxygen to industry for more than 50 years. LINDE pipes oxygen directly 
to industrial users from nearby oxygen plants built and operated by LINDE. 
The user makes no capital investment, and pays only for the oxygen consumed 
—at a price guaranteed by LINDE. 

LINDE also developed methods for transporting liquid oxygen efficiently, in 
large and small amounts, at 300 degrees below zero F. You can get LINDE oxygen 
in just the quantity you need, at the exact time and place you want it, as a 
liquid or a gas. 

For detailed information about LINDE oxygen, write Box AA-10, LINDE Com- 
PANY, Division of Union Carbide Corporation, 30 East 42nd Street, New York 
17, N. Y. Offices in other principal cities. In Canada: Linde Company, Division 
of Union Carbide Canada Limited. 


When you need Oxygen—call LINDE! 


The terms “Linde,” “Driox,” and “Union Carbide” 
are registered trade-marks of Union Carbide Corporation. 


Liquid oxygen from LINDE’s DRIOX _ 
oxygen units is teamed with liquid’ 
fuels to propel missiles and rocket 
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Missiles designed to soar out of this world | 
d by liqui m 
...are sped by liquid oxygen from LINDE 
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Zirconium, thorium, cerium ... strange names for little known, 
little used elements. But add them to magnesium, and a new family 


of metals appears. Preserving the high strength-weight ratio 

of the featherweight metal, they add high-temperature properties 
that have proved a necessity in high performance aircraft 

and missiles. A specialist in light metals casting, Rolle knows 


these alloys as you know the back of your own hand. 


how to save weight 


One-fourth the weight of steel... two- 
thirds the weight of aluminum... mag- 
nesium has carved a featherweight niche 
for itself in modern materials engineering. 

But the reputation won by the 
magnesium-aluminum zine alloys was won 
at room temperatures. Where high tem- 
peratures obtain, the “structural” alloys 
are no longer structural, and the lesser 
known “premium” group comes into 
its own. 

These alloys, providing excellent high 
temperature properties and creep resist- 
ance to 660F, are also characterized by 


uniform strength of varying 
cross-section 


« high fatigue strength 

« low notch sensitivity 

¢ freedom from microporosity 

¢ good stress rupture characteristics 

« good founding qualities 
Naturally, properties vary within the 


at high temperatures 


ties but is stronger than ZK51A. The room 
temperature strength of ZH62XA is com- 
bined in a relatively new alloy, ZH42, 
with creep resistance to 480F. 

Complete freedom from microporosity, 
excellent founding properties, and low 
heat treating temperatures, characterize 
EZ33A, a magnesium-zirconium-cerium 
alloy. Like ZH42, EZ33A resists creep to 
480F, and possesses good tensile proper- 
ties at both normal and elevated 
temperatures. 

HZ32A, perhaps the most important 
alloy of the series, contains thorium 
rather than cerium. Equal to EZ33A in 
strength, founding properties, and heat 
treating characteristics, it resists creep 
to 660F. 


ideal for engine castings 


Though each of these “premium” alloys 
offers specific advantages, the benefits of 


an introduction to the magnesium-rare earth-thorium alloys 


Tensile Properties and Creep Resistance 
For Specified Plastic Strains. 


maintaining specified properties 

Chances are you spend hours... even 
days... studying the “book” specifica- 
tions of a metal before you design it into 
a part. But the book you’ ve been working 
with too often gets thrown out the window 
with the first production run, Getting the 
most out of the premium alloys and into 
the cast part is often a difficult task, but 
we feel we're in an ideal position to do 
just that. Sand, shell, and permanent 
mold casting the light metals... and only 
the light metals . . . is our business. 


fifty-eight page engineering manual 

A considerable amount of data on the 
design properties of the aluminum and 
magnesium alloys can be found between the 
covers of our light metals casting manual. 


HIGH TEMPERATURE 
TENSILE PROPERTIES 
ALLOY. MAGNESIUM HZ 32A 
COND. SAND CAST 70 O.S% 

HEAT TREATED 


7,840 0.75% 


CREEP RESISTANCE FOR 
SPECIFIED PLASTIC STRAING. 
ALLOY. MAGNESIUM HZ 324 


7% (OFF.sey) vs, 


(OFF-Set) 


COND. SAND CAST 
AS CAST 
TEMP, 617°F. 


ELONGATION 


group, but a rough comparison of indi- 
vidual advantages can be drawn. 


a profile of the “‘premium alloys” 

ZK51A and ZE41XA are superior, fine 
grained alloys with high yield strength 
and ductility, excellent fatigue properties, 
low notch sensitivity, and they are pres- 
sure tight without impregnation. Alloy 
ZH62XA offers these same general proper- 
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HZ32A have undoubtedly been most im- 
pressive. Its unique heat resistance prop- 
erties permit weight savings in stressed 
turbine engine parts with magnesium 
castings for the first time. A_ typical 
example is the part illustrated above... 
a jet engine compressor housing . . . sand 
cast by Rolle in HZ32A. Success of this 
alloy in such applications can be inferred 
from the two graphs—High Temperature 


We'll gladly send you a copy on letter- 
head request. Write Rolle Manufacturing 
Company, 319 Cannon Avenue, Lansdale, 
Pa., or call ULlysses 5-1174. 


; 
af ae Ai 
8,960 
28, UTS. 6720 
n 60 0.2% 
24,000 
a 
40 4,480 
6 30 3,360 
i 200°F 400°F 60°F ° 
TEMPERATURE TIME IN HOURS i 


All is in readiness. The gantry is being rolled 
a ae away. This missile is ready for its journey into | 
space. 
oe But before the firing could take place, the entire i 
ae _ 3 launching complex had to be made ready to | 
accommodate the missile in its present configu- 
“BS. ration. In the hours, days, and weeks that have | 
£\ j a preceded this moment; an intensive ‘‘make 
ready” program has been progressing quickly, 
ee 7 logically, economically—guided by the engineers 
™ of Pacific Automation Products, Inc. 
Broapty, Ours has been a dual role—to provide | 
| ae technical and practical liaison between the en- | 
ait gineering departments of the cognizant contrac- | 
, 1. q ar tors and their field forces, and to install and | 
validate all of the electronic gear that is required 
READINE SS N ye ) es to convert this launch site from a mass of con- 
IS THE / crete and steel into an integrated complex, ready 
ra) a, to support the scheduled firing of the bird. 
KEY! speciFicatty — our tasks have included: design, 
= manufacture, and installation of all interunit 
| cabling; the installation of instrumentation, 
controls, communications equipment, consoles, 
— ‘eG and accessories; actual operation of all circuitry | 
Ni aa under simulated conditions of use, to make cer- | 
= tain that it is ready to perform its functions | 
¢ reliably ; and documentation of the system in the 
~ \ Nie form of working drawings, maintained in an up- 
| to-the-minute status at all times. 
SIGNIFICANTLY — to assure on-schedule readiness 
of an electronic complex—whether it be at a 
MISSILE SITE, AN AUTOMATIC FACTORY, A DATA PROCESSING 
id CENTER, A NUCLEAR INSTALLATION —Plan today to uti- 
| \ lize the systems engineering services of Pacific 
$4 le a ta Automation Products, Inc. For complete infor- 
mation, write, wire, or phone Arthur P. Jacob, 
/ +) Executive Vice-President, paciric AUTOMATION 
ra . propucts, inc., 1000 Air Way, Glendale 1, Cali- | 
| fornia Phone CHapman 5-8661 | 
7 Engineers: PAP has immediate openings for en- 
| gineers with specific knowledge of the systems 
requirements of major electronic complexes of 
all major types. Send your resume today. 
| 


PROGRESS REPORT FROM AVCO RES 


EARCH LABORATORY 


NEW LIGHT ON MH D* 


NO MAGNETIC FIELD. This shock tube photograph, taken by 
emitted light only, shows the typical shock wave configuration 
formed by high-velocity gas flowing around a pointed cone. 


WITH MAGNETIC FIELD. Here is shown the magnetohydrodynamic 
displacement of the shock wave. The magnetic field is caused 
by electric current flowing through a coil of wire within the cone. 
This experiment qualitatively demonstrates the interaction of 
a high-temperature gas with a magnetic field. This effect would 
be expected to produce drag and reduce heat transfer to the body. 


Aveo / 
/, RESEARCH 
LABORATORY 


A Division of Avco Manufacturing Corporation/Everett, Mass. 


The Aveo Research Laboratory was 
founded a little more than three years 
ago for the purpose of examining high- 
temperature gas problems associated with 
ICBM re-entry. The success of this 
research led to the birth of a new cor- 
porate enterprise, Avco’s Research and 
Advanced Development Division. 


The Research Laboratory, now estab- 
lished as a separate Aveo division, has 
expanded to embrace all aspects of physi- 
cal gas dynamics. We are currently gravid 
with several embryonic projects which we 
anticipate will likewise grow into new 
corporate enterprises. Our work in the 
physics, aerodynamics and chemistry of 
high-temperature gases is growing in the 
following areas: 


Magnetohydrodynamics— 
Flight and industrial power- 
generation applications 


Space flight— 
Manned satellites 
Electromagnetic propulsion 


These developments have created a num- 
ber of openings for physicists, aerody- 
namicists and physical chemists. If your 
background qualifies you to work in any 
of these areas, we would be pleased to 
hear from you. 


Dr. Arthur Kantrowitz, Director 
Avco Research Laboratory 


P. §, A listing of laboratory research re- 
ports indicative of the scope and depth 
of our activities is available. Address 
your request: Attention: Librarian, Avco 
Research Laboratory, 2385 Revere Beach 
Parkway, Everett, Massachusetts. 
*Magnetohydrody ics, the study of the dynam- 
ies of electrically conducting fluids interacting 
with magnetic fields. 


Other divisions and subsidiaries are: 


New Idea Division 
Moffats Limited 


Ezee Flow Division 
Lycoming Division 


AK Division 
Crosley Division 
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Crosley Broadcasting Corporation 


Research and Advanced Development Division 
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COVER: Sheer luck was responsible for 
this dramatic photo of a Bomarc firing at 
Cape Canaveral (see page 34). Sequence 
camera was set up some time before sched- 
uled launching and, in the meantime, work- 
men placed some heavy screens between the 
camera and launcher unnoticed by Boeing 
camera crew. The result was this striking 
shot. 


Astronautics 


OCTOBER 1958 


The Janus Head 


The world changes by both action and implication. A year after 
Sputnik I, it seems topical to hear Wernher von Braun describe 
Jupiter-C in some detail; to hope with a propellants man that some- 
one will come up with a nice hot solid that burns cleanly; to feel 
accomplishment with an instrumentation engineer that he will get 
static-firing data good to +1 per cent most of the time; to take a 
visitor's peep at an NACA-built facility. Jupiter-C put a satellite 
into orbit, but it showed the plateau of our practical propulsion tech- 
nology. A year of astronautics did not make the gas generator a 
thing of beauty. Good data on captive-rocket tests still costs much 
in time and investment. Langley Field underscores the momentum 
of the past. 

Not dismayed, the mind leaps ahead to space—conjures physics to 
push space flight, drags up Lagrange to set a satellite, calculates 
what power man can draw in space. 

All of which is to say that this issue of Astronautics reflects the 
uneasy shifting of our time from a decade of missiles to the age of 
space flight. We have both gas generators and magnetohydrody- 
namics, Bomare and synodic satellites, data processing for ground 
tests and a survey of power sources in space—ironic conjunctions, 
epitomized by Jupiter-C. 
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,OF MAGNETIC FIELD 
AND WORKING GAS 


EXHAUST 


YLINDERS. 


Left, schematic of ARL pulsed magnetic accelerator experiment, and (right) experimental setup used in the lab. 
Toroidal shock wave is formed between concentric glass cylinders (top foreground) and accelerated by magnetic 


field. 


Gas velocities of 500,000 mph have been obtained. 


Introducing magnetohydrodynamics 


Research in this area is leading to new space propulsion systems, 


as well as re-entry ‘drag devices” and electric power generators 


Arthur Kantrowitz received his B.S. 
and M.A. degrees at Columbia Univ. 
in 1934 and 1935 respectively, and re- 
turned to Columbia to receive his 
Ph.D. in 1947. A_ physicist with 
NACA from 1935 to 1946, Dr. Kan- 
trowitz was associate professor and 
professor of aeronautical engineering 
and engineering physics at Cornell 
from 1946 to 1956 and a visiting lec- 
turer at Harvard in 1952. He has 
been director of the Avco Research 
Lab since 1955 and a vice-president 
and director of Avco Mfg. Corp. since 
1956. He has been a Fulbright and 
Guggenheim fellow and visiting in- 
stitute professor and fellow in the 
MIT School for Advanced Study, is 
a fellow of the AAAS and past chair- 
man of Fluid Dynamics Div. of the 
American Physical Society. 
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The following article identifies several different possible applica- 
tions of magnetohydrodynamics (MHD) and describes the research 
of our Laboratory in these fields. MHD is an exciting area of study, 
and we are convinced that the next few years will bring forth prac- 
tical applications of great potential. The American Rocket Society 
is to be congratuated on its recognition of this potential by formation 
of an MHD Technical Committee. 

Arthur Kantrowitz 
Direcror, AVCO ResearcH LABORATORY 
Everett, Mass. 


D URING THE past few months, the term magnetohydrodynamics 
(MHD) has appeared in the public press with increasing fre- 
quency. Variously referred to as MHD, hydromagnetics, magneto 
gas dynamics, or magnetoaerodynamics, recent research has_re- 
sulted in an appreciation of some important and significant impli- 
cations of the subject. Four specific applications of magnetohydro- 
dynamics in two major areas have been identified and are being 
studied at the Avco Research Laboratory (ARL). These are: 


A. Flight magnetohydrodynamics 
1. Space flight propulsion 
2. Re-entry “drag device” 


B. Electric power generation 
1. Low-temperature MHD (combustion process ) 
2. High-temperature MHD (fusion ) 
In recent years, considerable interest has developed in the study 
of the interaction between magnetic fields and the flow of electrically 
conducting fluids or gases. As is well known, gases at high tempera- 
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tures become ionized, i.e., outer shell electrons are 
detached. Ionized gases conduct electricity and can 
be acted upon by magnetic fields. Initial interest 
in magnetohydrodynamics was spurred by astro- 
nomical observations, such as solar flares, and, re- 
cently, by problems associated with the fusion re- 
actor. 


May Unite Branches of Physics 


Another source of current interest in magneto- 
hydrodynamics is that the field offers an opportunity 
to unite two scientific disciplines—gas dynamics and 
electromagnetic theory. Until now, these subjects 
have had very few points of contact other than the 
similarity of some of their mathematical formalism. 
Both disciplines are individually well elaborated 
and cover great varieties of phenomena. 

The variety of the phenomena of gas dynamics is 
limited by the simplicity of the physics involved. A 
great new group of reactions appears when the 
electrical properties of gases begin to become im- 
portant in gas dynamics problems. Similarly, the 
simplicity of electromagnetic theory, which depends 
upon its linearity, will also disappear because of the 
essential nonlinearity of gas dynamics. The result 
is the prospect of a richness of new phenomena 
which can be only dimly appreciated at the present 
time. 

Some evidence of this richness has recently de- 
veloped. Some examples are the production of 
high-energy particles in intense pinched sparks, as 
presented by Kurchatov, and the hypothesis of Gold 
that the sudden commencement of magnetic storms 
is related to the propagation of a shock wave pro- 
duced by solar disturbances which may extend to 
the vicinity of the earth. 


Laboratory Apparatus Designed 


Interest in magnetohydrodynamics has stimulated 
various groups to design apparatus which can pro- 
duce MHD phenomena on a laboratory scale. Ex- 
periments to establish the reality of Alfven’s mag- 
netohydrodynamic waves were conducted in his 
laboratory with liquid metals. The earliest gaseous 
MHD experiments were built around the pinched 
electrical discharge. 

More recently, the production of ionized gases in 
shock tubes has provided a useful means for pro- 
ducing uniform regions of high-temperature gas of 
known density and enthalpy, and this tool has been 
employed for quantitative experiments. The sub- 
stitution of an electromagnetic driver for the high- 
pressure gas drivers used in ordinary shock tubes 
has recently provided a tool which has the high- 


An MHD Experiment 
.,. and What It Means 


In the experiment, a pointed-nose model con- 
taining a coil winding was photographed in a 
shock tube. Photo at left shows typical shock 
wave configuration on a pointed body, while 
photo at right shows displaced shock wave 
caused by magnetic field generated by passing 
current through the coil, position of which is 
shown in schematic below. 

The photos graphically illustrate the effect of 
a magnetic field through which ionized particles 
are passing. In the case of a re-entry vehicle, 
this would be expected to result in braking or 
drag action, as well as possible reduction in heat 
transfer to the body because of the displacement 
of the shock wave away from the vehicle. 
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Shock tube photo shows interaction of high-velocity ion- 
ized gas with solenoidal magnetic field. Gas is flowing 
from left to right at 10,000 fps at simulated altitude of 
160,000 ft, with 1l-in. coil creating magnetic field of 
12,000 gauss. Photo provides visual representation of 
MHD flow phenomenal. 


temperature capabilities of the pinched sparks, 
along with greater geometric flexibility. This device 
leads us to anticipate a more quantitative know]- 
edge of the gas state than that which has been 
available. 

Recent successes in laboratory experiments lead 
to the hope that practical devices will be forthcom- 
ing to utilize this anticipated richness of new 
phenomena in gaseous magnetohydrodynamics. 

In the field of MHD space flight propulsion, a 
device has been constructed at ARL which uses a 
magnetic field to accelerate ionized gases to high 
velocities. The idea of electromagnetic accelera- 
tion of matter is an old one, dating from the dis- 
covery of electromotive laws by Faraday. 

In the ARL gas accelerator, the annulus between 
two concentric cylinders provides a space in which 
the gas is accelerated in the direction of the axis 
of the cylinders. A schematic diagram of the ap- 
paratus is shown at the top of page 18. In opera- 
tion, the annular space between the two cylinders 
is evacuated, and the working gas is admitted from 
a storage supply. When switch A is closed, the 
high-voltage condensers B are discharged. This 
high voltage causes a “breakdown,” or ionization, of 
the low-pressure gas at point C. 

The electrically conducting ring of gas between 
the walls of the two cylinders at C is accelerated 
to the right during the discharge cycle of the ca- 
pacitor bank. Preceding this mass of gas is a shock 
wave which, as it moves at tremendous speed, heats 
the gas ahead of the driving current to a tempera- 
ture high enough to cause ionization. Thus the 
gas becomes a conductor. (CONTINUED ON PAGE 74) 


Flight Regimes in which MHD Braking Appears Feasible 
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hicle which would use MHD brak- 
ing. 
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Full-scale wind-tunnel, originally designed for tests of conventional aircraft, is now used for ballistic missile and 
space vehicle studies. At left, model nose cone is readied for laminar air flow test; at right, hypersonic glider model 


is fown by remote control in stability study. 


NASA Langley Aeronautical Laboratory 


On the frontier of flight 


DAY, some 1000 scientists and engineers move on the 
frontier of flight at the original and largest of NASA’s three major 
research centers, Langley Aeronautical Laboratory at Langley Field, 
Va. Reflecting both its inception in World War I, when it was 
established by the government, and today’s race into space, Langley 
provides facilities for research throughout the flight corridor—from 
subsonic to hypervelocity speeds—and on problems of re-entry and 
space flight. 

These facilities, representing an investment of $100 million, in- 
clude 30 major wind tunnels, laboratories and testing complexes; a 
dozen shops for instrument construction, model building, wood 
working, machining and sheet metal work; and offices and other 
supporting buildings. 


Free-Flight Testing at Wallops Island 


Operated in conjunction with the laboratory is one of NASA’s 
two field stations, the Pilotless Aircraft Research Station at Wallops 
Island, off the eastern coast of Virginia. This station, established 
in 1945 to obtain aerodynamic data at transonic and low supersonic 
speeds, now serves as a free-flight testing site for instrumented 
rocket-powered research models, which deliver data vital to the 
design of aircraft, missiles and space vehicles. 

The pictures on these pages suggest the range of studies at NASA's 
Langley-Wallops Island complex, from the giant conventional wind 
tunnel, now being used to study such things as hypersonic gliders at 
subsonic and transonic speeds, to the scientist with his eye on the 
fundamental problems of re-entry. 


Human factors also come in for 
study at the lab. Here, response 
of a pilot to accelerations during 
vertical and pitching motions at 
hypersonic speeds is tested. 
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Nike-Cajun, developed by NACA at Wallops for ex- 
ploration of upper atmosphere during IGY, is readied 
for firing. 


Langley scientist adjusts instruments in free-flight re- 
search model to be flown in Wallops test. Telemetry 
section is in foreground, with battery pack located im- 
mediately behind it. 
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Aerial view of Pilotless Aircraft 
Research Station at Wallops Is- 
land, Va. Operated by Langley 
Lab, it is one of two present NASA 
field stations. 


Five-stage research rocket below 
reached speed in excess of 8000 
mph in Wallops re-entry test. De- 
veloped by NACA, the vehicle 
consists of an Honest John first 
stage, Nike booster second and 
third stages, a Recruit fourth stage 
and a Thiokol T-55 fifth stage. 
Rocket was boosted to 100,000 ft 
by first two stages, then accelerated 
downward from top of trajectory 
by final three stages, firing in se- 
quence, to simulate re-entry. 


This aluminized plastic sphere, developed at Langley, 
has been accepted for IGY sub-satellite experiment. 
Shown collapsed and inflated, the sphere is to be used 
for air density measurements in the upper atmosphere. 
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Langley scientist studies model nose cone subjected to 12,000 F 
temperature environment in arc-powered supersonic air jet as 
part of the lab’s high-temperature materials research. 


16 mm film strip of aerodynamic heating test 

shows what happens to stainless steel model 

subjected to exhaust from small acid-am- 

monia rocket. Gas jet reached exit velocity - 
of 7000 fps during the test. 


Wearing an aluminized protective suit, technician 
checks a model rocket glider in one section of the 
Langley unitary plan wind tunnel, where air can 
be heated to 400 F by moving it at speed of 3500 
mph. 


Scientist, standing behind glass shield and wear- 
ing protective goggles, studies model nose cone 
exposed to simulated aerodynamic heating condi- 
tions in cylindrical radiator incorporating 225 
quartz-tube heat lamps. 


Pilot-model high-temperature 
jet facility, used for materials 
testing and aerodynamic 
heating and re-entry studies, 
provides 4000 F airstream 
from 4 to 10 in. in diam in 
the test section, located in 
corrugated metal structure at 
top. 


October 1958 


Missile model ready for test- 
ing in a test section of the 
unitary plan wind tunnel. 
Models are mounted with 
wings vertical and attached 
from aft end to a_ sting, 
through which pressure tubes 
and electrical leads pass to 
data equipment outside. 
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Cosmic rays Meteoroids 


Sources of power in space free for the taking, but which man as yet has little practical means for utilizing, include 
magnetic fields, cosmic rays, ionized gas clouds and meteoroids. 


What power sources in space? 


Although nature provides such potential power sources as meteoroids, 


cosmic rays and solar radiation, there are today few practical means 


of using them... Consequently, man will probably have to carry along 


his own sources of power in the form of chemicals or nuclear reactors 


John H. Huth is a member of the 
senior staff of Rand’s Aeronautics 
Dept., where he is currently working 
in aerodynamics, astronautics and en- 
ergy sources. Between 1934, when 
he graduated with a degree in me- 
chanical engineering from the Univ. 
of California, and 1950, when he re- 
ceived a Ph.D. in engineering me- 
chanics from Stanford Univ., he held 
research positions with the UCal ra- 
diation lab, the Office of Scientific 
Research and Development, GE, Mor- 
ris Dam group, and Stanoling Oil and 
Gas Co. Dr. Huth joined Rand in 
1950. His varied experience includes 
work induction-motor vibration, 
pressure-recording devices, thermal 
control of meters, design of electrical 
filters and timers, and aerodynamics. 
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By John H. Huth 


THE RAND CORP., SANTA MONICA, CALIF. 


HETHER man enters space personally or through instrumented 
probes, he will find an ever-increasing need for power, and 
especially electrical power. 

At the mean distance of Mars at closest approach, for example, 
even a narrow bandwidth telemetering link might easily require 
200 kw. Also, space vehicles with ion propulsion will require many 
megawatts of electrical power, and from equipment much less bulky 
than anything currently available. 

High accelerations, extreme temperatures, meteoroids and, espe- 
cially, long periods of unattended operation present challenges in 
the design of space power systems. On the other hand, advantage 
may be taken of such special features of outer space as its ready- 
made vacuum. In fact, nature provides power in space, free for the 
taking. But, as usual, the taking is quite difficult. 

If we were to sample “space,” we would find thermal and corpus- 
cular radiation, meteoroids, ionized gas clouds and some magnetic 
fields. All represent forms of energy, but at present we only know 
how to utilize the thermal radiation. The total flux of meteoroids, 
for instance, is very small (over 20 magnitudes only about 10 '° of 
the solar constant). Consequently, unless one has mastered the art 
of matter annihilation, and we do not foresee how to do this, 
meteoroids are not a very attractive source of energy. The density 
of protons and electrons may in places run as high as 1000 particles 
per cc; but the probability of creating a fusion reaction with them 
to generate power is extremely small. The only other possibility is 
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to combine electrons and protons to produce hydro- 
gen. And even if one could combine all the particles 
per unit volume in this fashion, the energy density 
would still be several orders of magnitude below 
the density of solar thermal energy. 

The energy density of cosmic rays is also well 
below the thermal-energy density, and we do not 
know how to utilize such energetic particles (on the 
order of a billion electron volts). About the only 
hope on the horizon seems to be a very slim chance 
of converting some of them to light through absorp- 
tion in organic materials. 

As to magnetic fields, they may have a high abso- 
lute energy density in space, but most schemes for 
utilizing these fields operate on their gradient. 

We can make use of solar thermal energy in at 
least three ways: By allowing radiation pressure to 
act on a “sail,” by concentration and conversion to 
heat, and by conversion directly to electricity 
through a quantum process. 

The magnitude of the radiation pressure normal 
to a perfectly reflecting sail equals 2W/c, where W 
is the energy incident per unit area per second and 
c is the velocity of light. In the vicinity of the earth, 
this pressure amounts to about 1.2 x 10° Ib per 
sq in. It is immediately evident that very large 
areas are required for appreciable forces. Further- 
more, construction must be very light if one is to 
use a “solar sail” to accelerate a ship. For example, 
if our sail weighs only 5 x 10 * gms/cm? of surface 
area, the resulting acceleration would be about 1.6 
x 104 g. It should be noted finally that the effi- 
ciency of devices dependent on the action of radia- 
tion pressure against moving blades is proportional 
to the ratio of blade velocity to the velocity of light, 
and that, of course, solar radiation is much more 
diffuse at even Martian distances from the sun. 


Hard To Concentrate Solar Energy 


Concentration of solar energy for heating pur- 
poses suffers from many of the same difficulties as 
the “solar sail.” Areas must be large, and structure 
must be lightweight yet sufficiently rigid to with- 
stand acceleration. One proposal involves the 
utilization of spherical mirrors to heat a propulsive 
working fluid, as illustrated by the diagram on this 
page. The mirrors would be “mylar” (a tough plas- 
tic) balloons silvered over half of the inner surfaces. 
Temperatures of the order of 3500 K can be attained 
this way, but to enable one gram/sec of hydrogen 
to deliver a specific impulse of 1500 sec would re- 
quire a minimum mirror cross-section of 150 sq 
meters. Furthermore, there is some evidence that 
mylar tends to become cloudy and _ brittle after 
several months exposure to solar radiation. An 
alternative type of con- (CONTINUED ON PAGE 62) 


Solar radiation 
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Diffused “p-type” layer 


“n-type” silicon wofer 


Micron 


Silicon solar cells of this kind are used in the Vanguard 
satellite designs and should serve as a secondary source 
of power in space vehicles. 


Solor energy 


Transparent intioted 


Mylar 
sphere 


Sitvered 


Heoting element 


Pump 


Balloons, half silvered to form collecting basins for solar 
radiation, might provide enough heat to drive a working 
fluid for propulsion, but they would be very large and 
possibly too fragile to allow good accelerations, 


Energy Sources 


Energy release, Fraction of mess 
Reaction ergs/gm converted to energy 
Chemical 4 1407 —» HO) 1.33% 
Super-chemical: (H H-> 2.2 x 10)? 2.45x107% 
Nuclear fission {complete} 7.1 x YO" 7.9 
Nuclear fusion 3.6x 10% 
Mass annihilation 9x 10” 1 
Isotope Specific Powers 
Specific power of fresh isotope, 
isotope watts thermal energy /gm Half-life 
0.345 
29.800 
141.000 
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Low-cost meteorological rocket systems 


Development of simple, practical systems of the type described here, 


in which expendable equipment could be held to about $155 per firing, 


would prove mutually beneficial to both meteorology and rocketry 


By I. G. Poppoff 


STANFORD RESEARCH INSTITUTE, MENLO PARK, CALIF, 


I. G. Poppoff is currently a senior 
physicist in the atmospheric chemical 
physics section of Stanford Research 
Institute, where he is engaged in re- 
search in the field of atmospheric 
physics. Prior to joining the SRI staff 
in 1953, he was with the U.S. Naval 
Radiological Defense Laboratory, 
where he conducted research related 
to radioactive fallout from nuclear 
weapons. A graduate of Whittier Col- 
lege, he has done graduate work in 
physics at the University of California 
and at Stanford University. During 
World War II, he served as an elec- 
tronics officer with the Army Air 
Force. He is a member of the Ameri- 
can Meteorological Society, AMERICAN 
Rocket Society and the Optical So- 
ciety of America. 
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RESENT ROUTINE meteorological balloonsonde observations 

are limited to altitudes of 60,000 to 80,000 ft. With care, the ob- 
servational ceiling of balloons can be raised to 100,000 ft under 
favorable conditions, and soundings over 120,000 ft have been re- 
ported. 

Little is known of meteorological parameters above 80,000 ft, but 
by extrapolating the results of occasional higher balloon soundings 
and combining them with results obtained from occasional research 
rocket soundings, model atmospheres have been constructed which 
have proved to be useful in upper atmosphere studies. However, for 
applications that require a detailed knowledge of upper atmosphere 
wind and temperature profiles, there are no adequate sources of 
information. 

Forecasting probable radioactive fallout patterns in connection 
with nuclear tests is a prime example of a field in which a detailed 
knowledge of upper atmosphere winds is required. The increasing 
operational altitudes of military aircraft is also increasing the need 
for upper atmosphere wind data. A knowledge of upper atmospheric 
conditions would be a material aid in evaluation of test results from 
missile launchings. 

The use of small rocket vehicles to carry meteorological instru- 
mentation into the upper atmosphere is an obvious solution to the 
problem of achieving reliable routine soundings above 100,000 ft. 
Preliminary experiments have been conducted by both Army and 
Navy research groups. These tests involved ejection of chaff or 
small metalized parachutes from small rockets. Subsequent track- 
ing by radar provided information on the velocities and directions 
of upper atmosphere winds. 


Poses Technical and Economic Problems 


The suitability of rocketsondes for routine meteorological obser- 
vations involves both technical and economic considerations. Of 
primary interest, of course, is whether or not simple meteorological 
rocketsonde systems are actually capable of providing useful data. 
Equally important, however, is whether a technically reliable rocket- 
sonde system can be developed for a reasonable cost and the ex- 
pendable units mass produced inexpensively. 
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Recently, a study was made for the Federal Civil 
Defense Administration to determine the feasibility 
of developing a rocketsonde system for routine 
meteorological use. The system requirements were 
to provide wind data and, if possible, temperature, 
pressure, and humidity data for altitudes up to 150,- 
(00 ft. In addition, the system was to be capable of 
integration with Weather Bureau facilities at mini- 
mum expense. 

The simplest rocketsonde system would be a 
single-stage solid-propellant rocket carrying mini- 
mum instrumentation aloft to the desired maximum 
altitude, at which point the instrument container 
could be separated from the rocket vehicle and 
allowed to descend by parachute. Meteorological 
information would be obtained during the descent. 
This operation is illustrated schematically in the 
drawing on this page. 

Wind velocities and directions would be deter- 
mined by tracking the drafting parachutesonde dur- 
ing its descent, and temperatures would be obtained 
as telemetered information from a suitable reflective 
thermistor exposed to the atmosphere. Initially, no 
provision need be made for measurement of pres- 
sure and humidity, since the present state of de- 
velopment of these sensing elements is not satis- 
factory. However, inclusion of pressure and hu- 
midity elements can be considered as an ultimate 
goal in the development of rocketsonde systems, and 
a parallel development of such elements would be 
profitable. 

To determine the instantaneous altitude of a 
descending sonde without a pressure sensor, the 
slant range and elevation angle must be determined. 
Two tracking systems are available that could pro- 
vide the necessary slant range information: Radar 
and the AN/GMD-2 rawinsonde system. 


Advantages and Disadvantages 


The use of radar in tracking metalized parachutes 
could lead to a simple, inexpensive sonde, particu- 
larly if only wind data were required. Radar track- 
ing would also have some disadvantages. Since the 
parachute sonde could be expected to drift a con- 
siderable distance while descending, the tracking 
system would have to have an adequate range 
capability. The radar usually used for meteoro- 
logical work (SCR 584) would have a marginal 
range capability without the use of a supplementary 
beacon of transponder on the sonde. If addi- 
tional information, such as temperature, was de- 
sired, a beacon or transponder in the sonde would 
definitely be required. 

The use of the AN, GMD-2 tracking system would 
require heavier and more elaborate equipment. 
However, there would be major advantages, the 
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most important being easier and less expensive 
integration of rocketsonde systems into the present 
continental U.S. weather network. Present plans 
are to adopt the AN/GMD-2 when it becomes avail- 
able. 

This system, presently under development, is a 
CW transponder system utilizing the principles of 
the present radiosonde with the important addi- 
tional feature of supplying slant range information, 
thus eliminating the need for pressure measure- 
ments for determination of altitude. Slant range is 
computed from the phase difference between the 
signal transmitted from the ground station and 
the signal received by the ground station after hav- 
ing been received and retransmitted by the sonde. 

Other advantages include less expensive ground 
equipment and greater potential for addition of 
meteorological sensing elements. Range limita- 
tions also are less critical with the AN’ GMD-2 sys- 
tem. 

The actual choice of a tracking and telemetering 
system must depend on usage. Obviously, for use 
on a warship where radar with adequate range is 
already available for search fire control purposes, 
a system utilizing radar would be the most practi- 
cal. On the other hand, if integration with an es- 
tablished weather station (CONTINUED ON PAGE 44) 
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Synodic satellites 


A consideration of the conditions under which a satellite could be 


established in such an orbit that it would remain in equilibrium in 


a constant configuration relationship with both the earth and moon 


By W. B. Klemperer and E. T. Benedikt 


DOUGLAS AIRCRAFT CO., INC., SANTA MONICA, CALIF. 


Benedikt 


Klemperer 


Wolfgang B. Klemperer has been with 
Douglas since 1936 and is now staff ad- 
viser to the chief missile engineer. Prior 
to joining the company, he was for 12 
years manager of research in airships for 
Goodyear-Zeppelin Corp., and before that 
was with the Zeppelin Co. in Friedrich- 
shafen, Germany. At Douglas, Dr. Klem- 
perer initially was in charge of the de- 
velopment of space cabins. Later, as 
head of the applied physics group, he 
was active in design and development of 
the Roc family of early air-to-surface 
missiles. Then, as chief of the missile 
engineering research section, he became 
engaged in astronautical studies. He has 
also been a consultant to a number of 
instrument companies and to the Air 
Force and Navy. 


Elliot T. Benedikt is now group physi- 
cist in charge of theoretical physics and 
applied mathematics for the Douglas 
missile research section. He has for more 
than 10 years been doing research in 
guidance and dynamics of long-range 
missiles, as well as in various fields of 
astronautics. Holder of a Ph.D. in 
physics from the University of Bologna, 
Italy, Dr. Benedikt has taught and con- 
ducted research at MIT, Florida U. and 
Rensselaer Poly, and is presently teach- 
ing the Physical Sciences Extension Div. 
of UCLA. 
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N POPULAR speculations about lunar voyages, allusion is some- 
times made to a hypothetical point, about 90 per cent of the 
distance from the earth to the moon, where the two opposing 
gravitational attractions of these bodies would balance, and above 
or below which the attraction of the earth or moon respectively 
would predominate. 

This concept is, however, of no practical consequence, since 
the earth and moon do not stand still but revolve about a common 
center of gravity. Hence, any artificial satellite set up between 
them so as to stay in this configuration must partake of this motion 
and thus experience a centrifugal force which must be taken into 
account. 

Now that artificial satellites are already circling the earth, one 
is tempted to formulate the query more reasonably this way: 

Under what conditions would it be possible to establish an 
artificial (unpowered ) satellite in such an orbit that it remains in 
equilibrium in a constant configuration relationship with the 
earth and moon? 


Selenoid and Synodic Satellites 


When the paper on which this article was based was presented 
at the 8th International Astronautical Congress in Barcelona last 
year, we referred to such satellites as “selenoid satellites.” It is 
now proposed that the term “synodic satellites” be used for com- 
panion vehicles of any more massive two-body system, with 
“selenoid satellites” reserved for a companion of the moon in its 
trip around the earth. 

It is obvious that satellites of this kind could serve as a com- 
munication network relay station for moon-earth traffic. They 
might also increase our knowledge of the actual mass ratio be- 
tween the moon and earth—knowledge of major importance for 
future lunar and interplanetary navigation. 

To stay in constant relative configuration with our natural moon, 
the artificial satellite must of course revolve in the plane and at 
the same lunar period as the natural moon. It is thus precisely in 
the condition of the restricted three-body problem which was 
shown by the eminent mathematician, J. L. Lagrange, 1772, to be 
soluble in closed form in a celebrated treatise for which the Royal 
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French Academy of Sciences awarded him a coveted 
prize. 

Lagrange proved that three bodies can travel in 
constant constellation with respect to each other 
around their common barycenter, i.e., so that the 
ratios of their respective distances remain constant 
if they are situated either on a straight line or at the 
corners of an equilateral triangle lying in the plane 
of their mutual revolution. The orbits may be circu- 
lar or, as would be the case with our real moon, 
elliptical. 

The solutions which were derived by Lagrange 
with great rigor and much algebra, have also been 
demonstrated by others, notably Laplace, Brendel, 
Charlier, etc. 

The purpose of our present review of the prob- 
lem is to look at it from a satellite navigator’s view- 
point and to point out some consequences of the 
delicacy of the equilibrium which govern such inter- 
related orbital motions. For this purpose, it suffices 
to focus attention on the special case of circular 
orbits in which all distances remain constant. The 
extension to the slightly elliptical orbits in a real 
implementation is readily envisaged. 

In circular motion, the radius vectors from the 
common barycenter to the three bodies revolve at 
the same constant angular (CONTINUED ON PAGE 64) 
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Geometry of inertial forces of earth, moon, and synodic 
satellite following circular motion in restricted three- 
body problem. Earth-moon distance is taken as unity to 
allow nondimensional expression of other distances. 


Constellation Names 


n 


Superior Conjunction 
inferior Conjunction 
Opposition 

Sextile 


4.1676 0.1676 1.15385 
0.8490 0.1510 6.8369 
0.993. 1.993 1,005 
1.000 1.000 0.994 


The points (s), their astronomical constellation names, computed coordinates as distances from earth (;,), moon (f) 
and barycenter (») and bearing angle from earth against moon (4) are shown in table above. 
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Solids give liquids a boost 


Compact and mechanically simple, solid propellant gas generators 


offer an alternative to high-pressure bottles or liquid propellant 


generators for pressurizing 


By Jerome Salzman 


REACTION MOTORS, INC., DENVILLE, N.J. 


Jerome Salzman received a B.S. in 
engineering from the Univ. of Michi- 
gan and did graduate work at N.Y.U. 
and Stevens Institute of Technology. 
He joined Reaction Motors in 1951 
and for several years worked on jet- 
pump studies, boundary layer control 
and step-thrust rocket engines. He also 
did work on both solid and liquid 
rocket ignition and rocket motor de- 
sign for missile flight control. During 
the past three years, he has specialized 
in solid propellant gas pressurization 
and personnel catapult projects. At 
present, he is charged with rocket 
motor testing of high-energy solid 
propellants. 
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liquid propellant rocket motors 


AS AT high pressure serves effectively to force liquid propellants 

from tanks into the combustion chamber of a rocket. The gas 
can be fed from a high-pressure bottle with valve and regulator or 
from a controlled chemical reaction, which conveniently takes the 
form of a liquid or solid propellant gas generator. Reasons can be 
found for employing both gas bottles and liquid propellant gener- 
ators. 

However, the solid propellant generator offers the advantage of 
simplicity, as the drawings on page 31 suggest. The solid propel- 
lant generator requires few parts or mechanical controls, and com- 
pares favorably in weight size and cost with other devices for 
pressurizing liquid propellants. 

Germans in WW II research saw the advantage of a solid propel- 
lant gas generator, and designed an experimental anti-aircraft rocket, 
the TAIFUN, with concentric propellant tanks pressurized by the 
combustion products of a cake of cordite. For several years now, 
organizations in this country—among them Reaction Motors, M. W. 
Kellogg, and the Naval Ordnance Test Station at China Lake—have 
engaged in the development of liquid rocket motors with solid pro- 
pellant gas generators. Necessary and desirable properties of a 
solid gas generator, from the standpoint of the propellant, can be 
set down from the cumulative experience of these programs. 


Restrictions of Simplest System 


Suppose the simplest system, as shown in the drawing on the 
facing page: Pressurizing gas ducts directly from the generator onto 
the propellants in the tanks. These restrictions can at once be set 
for the system: 

1. Any reaction between the gas and the liquid propellants must 
not disrupt the functioning of the rocket. 

2. The gas must not erode or burn tank structure or associated 
parts enough to disrupt rocket functioning. 

3. The gas, over a wide ambient temperature range, must deliver 
propellants to the combustion chamber at a rate that will maintain 
nearly scheduled thrust. 

Simply put, the gas generator combustion products should be 
neutral chemically to the liquid fuel and oxidizer, so that one gener- 
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Diagrams of liquid motor pressurized with stored gas 
(left) and solid propellant gas generator (right), indi- 
cating relative simplicity of latter. 


ator can be used for both. The table shown below 
shows the combustion products of some common 
solid propellants. Without exception, these propel- 
lants produce fuel-rich products with at least two 
reactive components. 

Solid propellants with fuel-rich and oxidizer-rich 
combustion products can be used if they do not 
react violently or variably with the liquid fuel and 
oxidizer. The kind and degree of reaction appears 
from experiment to be influenced not only by gas 
generator combustion products but also by the tem- 
perature of the gas and liquids, the geometry and 
flow characteristics of the structure pressurized, the 
extent of the interface between gas and liquid (in- 
fluenced by any churning) and even the material of 
tank walls. 


Simplest flow diagram of solid gas generator pressuriz- 
ing liquid motor. 


It appears that an adequate evaluation of interac- 
tion can only be made experimentally in an actual 
motor system. There is urgent need, nevertheless, 
for solid propellants with neutral combustion prod- 
ucts and acceptable physical and storage properties. 

The temperature of its gaseous combustion prod- 
ucts will also bear on the choice of a propellant. 
Available propellants give temperatures in the range 
from 800 to 5000 F. Some typical flame tempera- 
tures are shown in the table. High temperatures, 
as will be pointed out, keep the amount of solid 
propellant needed low, but they may also erode or 
weaken tank walls, as well as promote a gas-liquid 
reaction, especially with liquid monopropellants. 
Diffusing the gas as it enters the liquid-propellant 
tanks can avert focused (CONTINUED ON PAGE 78) 


Thoeretical Combustion Products and Flame Temperatures of 
Typical Solid Propellants 


Propellant Combust Products, volume per cent Isobaric 
co H, H.O co. NCI Solids Flame 
Temp, F 
Double Base t 
OGK 43.5 24.9 Ly 9.6 — 2940 
AGS 46.0 28.4 at 10.1 5.4 — <2 1980 
Composite 
Arcite 337* 6.5 2.0 0.8 <1 3250 
Phillips Petroleum? 16.3 23.7 31.4 22.0 6.5 — ~!l 2440 


* Ammonium perchlorate base. 
+ Ammonium nitrate base. 
t Trace amounts. 
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By Wernher von Braun 


ARMY ORDNANCE MISSILE COMMAND, HUNTSVILLE, ALA. 


Wernher von Braun is Director of 
ABMA’s Development Operations 
Div., which has technical responsi- 
bility for the Redstone, Jupiter and 
Pershing missiles and Jupiter-C as a 
re-entry test vehicle and Jupiter and 
Jupiter-C as  satellite-launching rock- 
ets. Born in Wirsitz, Germany, in 
1912, he received a Ph.D. in physics 
from the University of Berlin in 1934. 
As an undergraduate there he joined 
the German equivalent of the Ameri- 
can Rocket Society, Verein fur Raum- 
schiffahrt. Dr. von Braun contributed 
prominently to the design and develop- 
ment of the V-2, and became techni- 
cal director of Peenemuende in 1937. 
Coming to this country under contract 
with the Army at the close of WW II, 
he worked on high-altitude V-2 firings 
at White Sands, was project director 
of a guided missile development unit 
at Fort Bliss, Tex., and then assumed 
his present position at Redstone when 
it was made an Army development 
center for rockets and missiles. Dr. 
von Braun’s many honors include the 
ARS Astronautics Award in 1955 and 
Distinguished Civilian Service 
Award in 1957. He is on the ARS 
Board of Directors and is a member of 
the ARS Space Flight Committee. 


32 Astronautics / October 1958 


WANT to describe for you some facets of Jupiter-C, the rocket 

which I am very fond of that put our first satellite into orbit, and 
give you some sidelights on the launching of Explorer I. I am not 
going to describe the satellite payload itself, because you already 
have an excellent description of it prepared especially by JPL for the 
April, 1958 issue of AsTRONAUTICS. 

In the four-stage Jupiter-C, the engine of the Redstone missile, 
modified to take longer propellant tanks, forms the first stage. 
Bigger tanks were possible because the upper stages of Jupiter-C, 
which we will come to in a moment, weighed substantially less than 
Redstone’s heavy warhead. At the suggestion of Rocketdyne, our 
powerplant contractor, we substituted for the alcohol normally used 
in Redstone a fuel that gave roughly 15 per cent higher specific im- 
pulse with lox, yet did not require any major hardware changes. 

The greater energy of this fuel and the increased tankage allowed 
us both to boost thrust from the Redstone’s nominal 75,000 Ib to 
83,000 Ib and to extend burning time from 121 to 155 sec. The ex- 
tended burning time necessitated adding another hydrogen peroxide 
tank to the engine to keep the turbo-pump running. 

On top of the tank section of the first stage sits the compartment 
that houses guidance and control equipment for the first stage and a 
“spatial-attitude control system” that aligns this section and the 
forward stages horizontally at the apex of the first stage’s trajectory. 
One of the photos on page 33 shows this instrument compartment 
sitting in our flight-checkout and assembly hangar at Canaveral. 
The dark stripes on the cylindrical part of the compartment are an- 
tennas—one for telemetering, one for Doppler tracking and one for 
radio command. The little balconies at the bottom house air noz- 
zles linked to the spatial-attitude control system. Ill have more to 
say about these nozzles in a moment. 

Although you can’t see them in the photo, there are six explosive 
bolts, each surrounded by a preloaded coil spring, equispaced around 
the base of the compartment to join it and the other stages to the 
booster. Tiny powder charges in the bolts are set off to sever the 
bolts and free the springs, which impart a velocity increase of only 
2.6 fps to the compartment and forward stages. Quick-disconnect 
couplings free the many cables and tubes running between the com- 
partment and the first-stage booster. 

The instrument compartment has no doors or access hatches, and 
it was necessary to lift its entire cover to work on equipment inside. 
This would be intolerable in a military missile, where ease of hand- 


Rundown on Jupiter-C §& 4 | 
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Preparations and launching. At left, Jupiter-C, fully assembled, awaits countdown while wrapped in protective em- 
brace of giant gantry. Next, technicians check gyro assembly for booster control, and load lox and hydrogen 


peroxide. And, finally, missile away! 


ling and accessibility are of great importance. However, it was not 
too awkward with this research rocket and it saved precious pounds 
in constructing the compartment. 

The photo at right, taken during a test of the instrument com- 
partment, shows the compartment bolted to a rocking table at the 
bottom of a 10-ft-deep pit. The table, gimbal-suspended and driven 
by three electric motors, can be rotated and also rocked back and 
forth in two planes. The gyros run during this kind of test, and 
potentiometers pick up any error angles developing between the 
stable gyro reference and the rocking compartment and inject the 
deflection signals into the control loop. 

Depending on whether the test is concerned with control of the 
booster during the first stage of flight or checking of the spatial-atti- 
tude control system and air nozzles, you get a direct response of the 
jet vanes on the booster or air nozzles on the instrument compart- 
ment. You can see directly, for example, if the nozzles have the 
correct flow rate, if a control needle is sticky, the polarity right, ete. 
We do this kind of “rocket-and-roll” testing with all our instrument 
compartments, and find it a very convenient and reliable method 
for checking the entire control system in all its functions. 


Air Nozzles Align High-Speed Stages 


As I have mentioned, the instrument compartment and forward 
stages, after separation from the booster and during ascent to the 
apex, must be exactly aligned horizontally with the surface of the 
earth directly beneath. The air nozzles of the spatial-attitude con- 
trol system bring about this alignment. The photo to the right 
shows one of the four pair of nozzles in exploded view. <A nozzle 
unit can deliver a maximum thrust, left or right, of 5 Ib. 

A small electric motor drives a sprocket wheel to control air flow. 
The cogs of this wheel engage the teeth of a push-pull needle, which 
appears at the bottom of the photo. As the needle, driven by the 
motor, moves to the right or left, more or less air enters either noz- 
zle. The smooth movements of the needle thus give a “proportional 
control” system much more refined than the “bang-bang” system 
used in the top section of Redstone. The nozzle system showed an 
accuracy of '/,» deg in rocking and other analog tests. The need for 
this accuracy will become apparent (CONTINUED ON PAGE 80) 


Instrument compartment, housing 
guidance and control equipment 
and spatial-attitude control section, 
sits on test table in Canaveral 
checkout and assembly hangar. 


Exploded view of one of four pair 
of air-jet nozzles used to control 
attitude of the instrument compart- 
ment and upper stages in ascent to 
apex. 
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Weapon director in practice SAGE 
control center in Kingston, N. Y., 
pressed button to send Bomarc 
missile, 1500 miles away at Ca- 
naveral, streaking to intercept tar- 
get drone. 


SAGE to Bomarc to target 


2 en OF the gaps in our continental air defense 
came near closing with the recent direction of 
a Cape Canaveral-launched IM-99 Bomare from a 
practice SAGE center in Kingston, N.Y., some 1500 
miles away. For the first time, the “brain” of the 
SAGE system, the computer, followed the tracking 
of a realistic target (high-speed drone ), determined 
intercept point and directed Bomarc to the target. 
This exercise brought together formally the coun- 
try’s main air-defense network (May, 1958, Astro- 
NAUTICS, page 42) and longest-range ground-to- 
air missile. Bomarc is a rocket-boosted, ramjet- 
powered missile with an operational radius of 250 
miles against aircraft and air-breathing missiles. 
Radio signals from a ground station guide Bomarc 
to the area of intercept, where its own guidance 
picks up the target and directs the attack home. 
SAGE transforms data from radar tracking of the 
target to commands that will guide Bomarc to the 
intercept area. The computer at the SAGE control 
center links with tracking radar by a special tele- 
phone line; another line links the computer to the 
ground-station radio command to Bomarc. With- 
out the intervention of an operator, then, the com- 
puter can communicate directly with tracking and 
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command sections of the ground station, the 
language for this hookup being a mutually usable 
code. A weapon director at the SAGE center, of 
course, commits a Bomarc to an attack—with the 
permission of the computer, which, during the 
tracking of the target, gives the weapon director 
“Yes” or “No” answers to the question: Can the 
target be attacked with assurance of interception? 

The computer (IBM’s AN FSQ-7, XD-2) used 
at Kingston was one of the first completed for the 
SAGE system. It employed an interim card pro- 
gram prepared by IBM with the assistance of Boe- 
ing, developer and builder of the Bomare weapon 
system, and Lincoln Laboratories, developer of 
SAGE. Systems Development Corp. is designing a 
‘ard program for service use of Bomare with SAGE. 

In normal Bomarc-SAGE operations, a control 
station will not have to extend its command even 
half the 1500 miles used in this first exercise. In 
the near future, a SAGE center at Montgomery, 
Ala., will command Bomarcs emplaced at Eglin Air 
Force Base, Fla. When centers like Montgomery 
go into service, the U.S., after a decade of planning, 
will finally have the capability for long-range inter- 
ception of enemy aircraft and missiles. 


Kingston, NY. 
& 
BOMARC Missile 
al 
/ 
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ASTRONAUTICS Report—Part Two 


Instrumentation for large-scale 


captive missile tests 


A recently completed system strikes a balance among design goals 


of large data capacity, high-speed automatic operation, fast data 


reduction, accuracy, and reliability 


By R. A. Ackley 


CONVAIR-ASTRONAUTICS, A DIVISION OF GENERAL DYNAMICS CORP., SAN DIEGO, CALIF. 


AVING established some criteria for the instrumentation and 

data-processing systems used in large-scale captive missile tests, 

let us now turn our attention to an instrumentation system for such 

testing that was recently put into operation at Convair. This system 

pushed the state of the art in the areas of automatic functioning and 
FM signal transfer. : 

Let’s begin with the data-processing station, because the criteria 
on which it was based came primarily from the requirements of 
processing flight-test data, and the rest of the system was designed 
to match it. 

An FM/FM telemetering system was chosen for flight testing for 
four chief reasons: Need for many continuous channels for stability 
studies and environmental information; amenability to automatic 
data-processing methods; availability of off-the-shelf components; 
and existence of ground receiving and recording stations. This 
choice dictated processing-station input and capacity. 

A schematic diagram of the station, which will accept either 7- or 
14-track magnetic tape, is shown on page 36. The FM data 
signal from the playback is discriminated to produce analog voltages 
feeding to computers, analog recorders or analog-to-digital con- 
verters, the latter leading to tabulators or tape recorders. Any data 
signal can be sent through either digital or analog computers before 
recording or printing. 


Plots Arc in Units of Quantity Measured 


Zero-offset and scaling amplifiers of the recording system permit 
adjustment to produce plots directly in units of the measured physi- 
cal quantity. There is no provision for automatic linearity correc- 
tion. Where high accuracy indicates a need for such correction, it 
is handled as a special case in a computer. The high-speed digital 
printer can print 30 lines of 120 decimal digits a second. A digital 
memory for zero-offset and scale factor makes possible printing in 
units of measurement. 

Not shown on the diagram are the time-offset timing-code trans- 
lators. These permit conversion of real time, as recorded on the 
test tapes, to any new time reference base. For instance, zero time 


BACKGROUND 


In a previous article in the Instru- 
mentation and Guidance Number of 
Astronautics (May, page 48), the 
author described the effects on missile 
testing of broad policy, planning, 
measurement selection, and design- 
change control. These considerations 
resulted in the establishment of some 
basic criteria for the instrumentation 
and data-processing systems used for 
captive testing of large missiles. 

Among these criteria are minimum 
setup and checkout time; minimum 
data-processing time to produce cor- 
rected data; establishment of monitor- 
ing and “quick look” data require- 
ments; flexibility; and, of course, reli- 
ability and accuracy. 

This article takes a closer look at 
the instrumentation system itself and 
describes how the system operates in 
obtaining necessary test data. 
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_ DATA PROCESSING STATION 
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may be made the instant of liftoff during a launch- 
ing, and then applied to all data produced. 

These four features—time offset, high-speed 
printer, commutated-data translator and_ scaling 
ampifiers—are considered a distinct advance in the 
state of the art. 

Space does not permit describing in detail the 
checkout and calibration features and procedures 
that give automatic correction for such things as 
wow and flutter, zero and sensitivity drift in sub- 
carrier oscillators and discriminators, and drift in 
transducer power supplies. 

For captive-test purposes where commutation is 
not used, the station can process 12 data channels 
to correctly scaled analog plots and one channel to 
digital print-out in 30 minutes, including setup and 
running time. To this must be added processing 
time for any oscillograph paper and some additional 
time for identifying and marking scales. 


First Data Unscaled 


Generally, data is processed first without scaling, 
which takes one or two hours. The first data 
through the mill serves for “quick-look” trouble- 
shooting and determining the best scale factor for 
final processing, which takes an additional eight to 
10 hours. 

The “land-line” captive-test instrumentation sys- 
tem developed to go with this data-processing sta- 
tion is an adaptation of the flight telemetering sys- 
tem. 

A schematic functional block diagram of the 
system is shown on page 36. Considering, first, the 
part above the horizontal dotted line, the physical 
quantity to be measured enters on the left and, if 
already a voltage, goes directly to the signal modi- 
fying unit (SMU). Otherwise, it is transformed by 
the transducer into a voltage and then goes to the 
SMU. From the SMU, the modified signal goes 
to the coder—in this case, subcarrier oscillators 
(SCO’s) frequency-modulated in proportion to the 
signal. Six of these frequencies are then combined 
with a 100-ke reference signal and recorded on one 
track of the magnetic tape. 

Converting the signal from amplitude to time 
(frequency ) intelligence has the general advantage 
of minimizing the effects of variable attenuation in 
transmission and environmental effects on the tape 
storage system. Modulating frequency is only one 
of several ways of doing this. Pulse duration or 
pulse-width and digital coding are also in common 
use. In general, the FM system is better for 
transient data, while the others are more accurate 
for steady-state data. 

The frequency bands are the same as those used 


in FM telemetering except that on land-line meas- 
urements only every other band is used. We use 
11 of the 14 tracks available on the 1-in. tape in this 
way. The remaining three carry time, voice, and 
“garbage.” 
other things, command signals used by the data 
processing station in the automatic calibration 
process. 

The 100-ke signal is used for speed lock of play- 
back and for electronic wow and flutter compensa- 
tion in the processing station. A typical captive test 
installation will contain two such recorders, giving 
an FM data capacity of (CONTINUED ON PAGE 58) 


The garbage track contains, among 


The control center of the instrumentation system in- 
cludes these key areas—main control consoles (top), 
“quick-look” stage (center), and FM recording bay 
(bottom ). 
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Auguries of space flight, U.S.A. 


HOMAS KEITH GLENNAN was appointed di- 

rector of the National Aeronautics and Space Ad- 
ministration (NASA), and Hugh Dryden, head of 
the National Advisory Committee for Aeronautics, 
was appointed deputy director. Glennan will leave 
his present job as president of Case Institute of 
Technology, Feb. 1, 1959, to devote full time to the 
work of the new Agency, which he will serve four 
days a week until that time. 

T. Keith Glennan graduated from Yale University 
with a B.S. in electrical engineering in 1927. Early 
in his career, he installed motion picture sound 
equipment; and he managed studios for Paramount 
Pictures and Goldwyn Studios from 1935 to 1941. 
Although briefly an executive with Vega Aircraft 
Corp. thereafter, during most of WW II he directed 
the Navy's underwater sound laboratory at New 
London, Conn., receiving the Legion of Merit for 
his part in the development of submarine detection 
devices there. He became manager of administra- 
tive services for the Ansco Division of General Ani- 
line and Film Corp. after the war. In 1947 he be- 
came president of Case. 


President Eisenhower hands commissions to Thomas 
Keith Glennan as director of NASA and Hugh L. Dry- 
den as deputy director in dual White House ceremony 
August 19. 
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From 1950 through 1952, Glennan was a member 
of the Atomic Energy Commission (AEC). He is 
now a member of the board of the National Science 
Foundation, chairman of the board of the Institute 
for Defense Analysis, member of the board of the 
Council on Financial Aid to Education, and a mem- 
bers, chiefly chairman McCormack, for suggesting 

Glennan considers himself an applied scientist. 
When queried what his chief concern would be as 
head of NASA, he replied, “To administer the Act.” 
Testifying before the Senate Space Committee dur- 
ing the hearings for his nomination to head NASA, 
Glennan declined to say whether funding for NASA 
appeared adequate for peak operation, but he un- 
derscored the need to expand NASA beyond the 
form of NACA. 


Dryden Gave Views 


Dr. Dryden should need no introduction now. 
His views on the course of national planning 
for space flight have been much publicized. Just 
before the nomination of Glennan, Dryden took a 
verbal pasting from House Space Committee mem- 
bers, chiefly chairman McCormack, for suggesting 
he would not be able to use more direct funds than 
the $125 million proposed by the Senate. He also 
has shied at the suggestion atomic power will open 
the age of space flight. Money and atomic power 
(i.e., more energy to match imagination) mark the 
standard of those who aim seriously at taking man 
into the reaches of space. 

Dryden, if not Glennan, lives with irony. During 
his testimony before the House Space Committee, 
it appeared the legislators would like to give NASA 
more money than requested for it. But House- 
Senate conferees on the NASA budget cut $45 mil- 
lion from the $125 million requested—slashing sala- 
ries and expenses from $7 to $5 million, research and 
development from $70.2 to $50 million, and con- 
struction and equipment from $47.8 to $25 million. 
Supplementing this direct $80 million appropria- 
tion for NASA’s first year will be $117 million trans- 
ferred from DOD and $101 million already appro- 
priated for NACA (and probably already committed 
on old projects). These funds total $298 million. 
By coincidence, DOD’s Advanced Research Projects 
Agency (ARPA) will get close to $300 million, and 
it need not support (CONTINUED ON PAGE 88) 
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These Russian photos show some of the Observa- 
tory buildings and equipment. Top to bottom, 
the towers of the Astrophysics Dept.; the “double 
astrograph” (probably the telescope with dual 
cameras referred to in the text) used for tracking 
Sputniks; the coronograph; and the spectrograph 
of the 122-cm reflecting telescope. 


Russian eye 
on space 


From the Crimean Astrophysical Ob- 


servatory, Soviet scientists view 
the heavens, track Sputniks and par- 


ticipate in other IGY activities 


By Pyotr Dobronravin 


DEPUTY DIRECTOR, CRIMEAN ASTROPHYSICAL 
OBSERVATORY 


N THE central part of the Crimean Peninsula, at 
a site 600 m above sea level, stands the Crimean 
Astrophysical Observatory of the U.S.S.R. Academy 
of Sciences, the main astrophysical observatory in 
the Soviet Union. The Observatory is taking an 
active part in the International Geophysical Year, 
having broadened for that purpose its programs of 
sun study and associated terrestrial phenomena, 
such as changes in the ionosphere and the earth’s 
magnetic field, and having installed a tracking sta- 
tion with cameras to follow and record the paths of 
the Sputniks. 
Before telling you briefly of our work, let me men- 
tion that, although the Observatory, as an institu- 
tion, has functioned for over half a century, it and 
its instruments, at the time located in Simeiz, were 
wrecked during WW II, and had to be rebuilt and 
re-equipped. This work was finished at the present 
site in 1955. 
In our regular research program, we study the 
physics of the sun, the stars and gaseous nebulae. 
The Observatory has a coronograph and one of the 
largest tower telescopes in the world for solar ob- 
servation. The telescope can give a sun image up 
to 35 cm in diam and has a spectrographic range 
of 30m. Three small telescopes, receptive to differ- 
ent wavelengths, record radio waves emitted by the 
sun. 
The Observatory also (CONTINUED ON PAGE 84) 
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The Amsterdam IAF Congress 


Peaceful talk of space 


By Irwin Hersey 


MSTERDAM, THE NETHERLANDS—The 
Ninth Annual Congress of the International 
Astronautical Federation, held here Aug. 25-30, not 
only attracted the largest attendance in LAF history, 
but also produced more than 70 technical papers by 
scientists and engineers from 14 countries, a spirited 
contest for the IAF presidency and what may well 
be the most significant step taken to date toward 
international astronautical cooperation. 

The conference drew a turnout of more than 400 
from some 35 countries, including a large U.S. 
delegation headed by Kurt Stehling of NRL and 
including such luminaries as USNC-IGY Chairman 
Joseph Kaplan; Richard W. Porter, Chairman of the 
U.S. IGY Earth Satellite Panel; ARPA Chief Scien- 
tist Herbert York; Fred L. Whipple, Director of the 
Smithsonian Observatory; Wernher von Braun of 
ABMA; Homer Joe Stewart of JPL; and many 
others. The Russians seated an eight-man delega- 


Theodore von Karman awaits opening of 
the 9th IAF Congress in Amsterdam. 


tion headed by Academicians L. I. Sedov, an IAF 
vice-president, and K. F. Ogorodnikov. 

The contest for the presidency grew out of a 
decision taken several years ago by IAF against 
allowing a president to succeed himself. Bearing 
this fact in mind, the Nominations Committee, 
headed by Dr. Sedov, went on record as favoring 
election of a noted scientist to head the IAF in the 
future. However, Ogorodnikov, speaking for Sedov, 
read a letter from the Polish delegation urging the 
committee to consider renominating Andrew G. 
Haley. The Committee first selected J. Ackeret of 
the Federal Institute of Technology, Geneva, Switz- 
erland, for the presidency. When Dr. Ackeret de- 
clined the nomination, the committee selected L. R. 
Shepherd of England. 

However, Haley, who himself spoke in favor 
of Dr. Shepherd’s election, was nominated from the 
floor by the German delegation, headed by Eugen 


Academician L. I. Sedov, IAF  vice- 
president (center), discusses a point 
with another member of the Russian 


delegation. 
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Singer, and seconded by the Argentine delegation, 
which demanded a secret ballot. Haley was re- 
elected by a close 11-9 vote. 

Sedov, Shepherd and Sanger, T. M. Tabanera of 
Argentina, Paul Bergeron of France and K. Zaran- 
kiewiez of Poland were elected vice-presidents, 
while Josef Stemmer was re-elected secretary. 

The 1959 Congress will be held in London the 
second week in September, with the British Inter- 
planetary Society as host. 


Colloquium on Space Law Held 


One of the highlights of the conference was the 
colloquium on “The Law of Outer Space,” held at 
The Hague, with Haley as chairman. Fifteen coun- 
tries participated in the colloquium, which ap- 
proved a resolution, later passed by the congress, 
calling for the settling of legal problems in astro- 
nautics by a new international convention and crea- 
tion of a permanent IAF Space Law Committee. 
The resolution reads as follows: 

(1) That the legal problems created by the de- 
velopment of astronautics be settled through a new 
international convention; (2) that within the frame- 
work of the Federation there be created a permanent 
legal committee open to lawyers of the various 
societies or groups affiliated to the Federation, and 
whose members be intrusted with the study of all 
the problems of the law of space to be included in 
the convention mentioned in resolution 1; (3) that 
the above resolutions be communicated to the Sec- 
retary General of the United Nations, who should 
be assured of the desire of the Federation to co- 
operate in any initiative to be taken in the field of 
astronautics by the United Nations. 

Another of the important steps taken at the Con- 
gress Was unanimous approval by the delegates of 
a four-point program which may help pave the way 
for international cooperation in future astronautical 
projects. Drawn up by the International Affairs 
Committee, headed by former IAF President Fred 
Durant of Avco, the program calls for: 

1. Collection and dissemination from one focal 
point of information on plans and progress of space 
flight research activities of all nations. 

2. Establishment of international space flight re- 
search fellowships in astronautical subjects. 

3. Setting up an international competition for 
selection of research experiments for satellite 
vehicles. 

4. Holding an international conference on the 
subject of peaceful applications of rockets and 
satellite vehicles. 

According to Durant, steps will be taken to im- 
plement the program during the coming year. One 
of the Russian delegates (CONTINUED ON PAGE 90) 


Dr. Sedov jots down a formula during presentation of 
his paper. 


Scene at one of the plenary sessions. Former IAF presi- 
dent Fred Durant of U. S. delegation is at left fore- 
ground. 


IAF wheels. Left to right: L. R. Shepherd of Great 
Britain, vice-president; Andrew G. Haley, president; 
and Josef A. Stemmer of Switzerland, secretary. 
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Russian Light on Cosmonautics 


The year 1958 began on Soviet 
calendars as the second year of cos- 
monautics, while we yet awaited the 
launching of a U. S. satellite and most 
of us wondered just what program 
the Russians had developed for the 
conquest of space. Sputnik II assured 
the technically literate community that 
the Soviet satellite program indeed 
represented solid achievements in pro- 
pulsion, guidance and instrumentation, 
and that the initial success of the 
Sputniks would be sustained in coming 
vears. The Soviet program for IGY 
showed conclusively the thoroughness 
of Russian thinking and planning for 
flight throughout the earth’s atmos- 
phere, a necessary concomitant to 
manned earth satellites. 

This program outlined study of at- 
mospheric structure and optical prop- 
erties, ultraviolet and X-ray radiation 
from the sun, corpuscular radiation of 
sun and aurora, cosmic ray and ionos- 
pheric phenomena, the earth’s mag- 
netic field, micrometeorites and mete- 
oroids and physicochemical processes 
in the upper atmosphere. It = an- 
nounced that 125 sounding rockets 
would be launched for the IGY, as 
a continuation of the Soviet program 
for high-altitude research begun in 
1949. The Soviet Union sent a sound- 
ing rocket to a record height of 473 
km Feb. 21 and launched Sputnik II 
May 25, giving witness to their ability 
to carry out immediately these plans 
for systematic exploration of the at- 
mosphere and its border in space. 

Meanwhile, as 1958 progressed into 
summer, the Soviet Union still with- 
held most concrete information on the 
Sputniks, sounding rockets and data 
taken with them. 


Report on Sputniks 


This silence ended to some extent 
at the Fifth Assembly of the IGY 
Governing Body, which convened in 
Moscow the last week in July. There 
Western scientists received the first 
substantial Russian report on data 
taken with the Sputniks. The high- 
light of the Fifth Assembly was an 
illustrated talk by Prof. Sergei N. 
Vernov on Soviet cosmic ray studies 
with satellites and sounding rockets. 
Prof. Vernov confirmed U. S. findings 
with the Explorers that at least part 
of the earth is covered by a deep 
layer of powerful radiation and _ that 
the intensity of the radiation varies 
with altitude. Vernov implied that 
Sputnik II picked up evidence of this 
radiation last Nov. He offered tenta- 
tive explanation of the radiation along 
lines advanced here, that the layer 
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may be caused by streams of ionized 
gas proceeding from the sun or more 
distant bodies and held by the earth’s 
magnetic field, and alternatively, that 
the radiation might be electrons pro- 
duced by splitting of cosmic ray 
particles. 

The use of Sputnik II to study radia- 
tion is also suggested by the an- 
nouncement a month earlier in’ the 
Soviet press that the first months of 
IGY discovered new knowledge of 
geomagnetism. The structure of the 
earth’s magnetic field in the upper 
layers of the atmosphere did not coin- 
cide, as previously thought, with lines 
of equal intensity of radiation. The 
Russians charted the distribution of 
“cosmic” radiation in longitude and 
latitude by aircraft, and confirmed the 
discrepancy in fields with “the very 
first results of cosmic-radiation ob- 
servations with a sputnik.” 

The Fifth Assembly did seem to 
mark a break in Soviet reticence; and 
observers felt the Fifth Assembly 
would be followed by increasing 
Russian contributions to IGY. 

Moreover, prominent Russian scien- 
tists have continued to comment 
openly on major technological prob- 
lems of space flight. P. Isakov, a 
Stalin Prize winner for his role in 


Polaris Launching Tests 


A dummy Polaris missile (left) exits 
from a prototype launcher during suc- 
cessful launching system tests jointly 
conducted by Westinghouse Electric, 
developer of the launcher, and Lock- 
heed Missile Systems Div. At right, 
launcher belches smoke while dummy 
missile falls toward San Francisco Bay, 
from which it will be retrieved for 
study and re-use. 


Sputnik Il (see Feb. 1958 Astronau- 
tics, p. 38), commenting on hermeti- 
cally sealed capsules and ejection ap- 
paratus for satellites, gives protection 
of crews from temperatures over 100 
C, from prolonged deceleration at 3-5 
g, and from rapid and irregular rota- 
tions as key re-entry problems yet to 
be solved. 

Isakov also refers vaguely to a 
number of problems no less important, 
obliquely citing the difficulty of pick- 
ing the right spots for firing retro- 
rockets to slow a satellite and for 
ejecting a capsule. The Russians 
show some weakness in predicting 
orbits (computing), tracking, and te- 
lemetry. At the Fifth Assembly, they 
evinced special interest in the equa- 
tions for predicting satellite orbits de- 
veloped by R. Jastrow of the Naval 
Research Lab; and they have been 
setting up more and and better optical 
tracking stations, for instance, the 
new station at the Main Astronomical 
Observatory of the Academy 
Sciences in Kiev for optical tracking 
and photographic recording of Sput- 
nik IIL, 


Ambitious and Practical 


Views expressed by Prof. G. V. 
Petrovich, writing in the official organ 
of the U.S.S.R. Academy of Sciences, 
suggest the ambitious yet practical 
attitude of Russians toward space 
flight, and again point to their tech- 
nical strengths and possible weak- 
nesses, 

Petrovich sees, at least for the im- 
mediate future, all practical problems 
of cosmonautics (as the Russians refer 
to space flight) being solved on the 
basis of chemical rocket engines that 
have been scrupulously planned, 
tested and developed in every detail. 
His emphasis on development and 
testing indicates the Russians too 
learned reliability the hard way. He 
expects large manned. satellites that 
can be oriented in space will be put 
into orbit in the next few years, with 
return to earth by glider. And he 
emphasizes the need to develop meth- 
ods of computing trajectories and to 
trajectory calculations elec- 
tronic computers. — Finally, — Prof. 
Petrovich underscores the historical 
significance of the first flight by a 
rocket to the moon, and adds that the 
Russians have determined performance 
for a lunar vehicle, and that we may 
expect a series (sic) of Russian lunar 
rockets. 

These general observations on 
Russian attitudes and accomplishments 
on the high road to space flight preface 
summary notes on the Soviet space 
program which will appear periodi- 
cally in Astronautics. 

—John Newbauer 
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LIGHT UP THE e Target Knowledge 


We, at Decker, are in the instrumentation field, but even without instruments a silent satellite—a BEACON seen 


by millions—can yield a wealth of significant data. The road to the future is paved with satellites and along that 


the assault on the Space Frontier. With instruments a satellite becomes a probe, a venturing explorer testing the 
very nature of space where man dare not venture today. Satellites need only be as distant as your finger tips. With 


the push of a button we can have information cascade to the earth. On earth and in space our instruments 


provide the essential extension of the human brain. THE DECKER CORPORATION 
Bala Cynwyd, Pa. 


road The Decker Corporation will provide the scientific aids—instruments for science and industry—to interpret... 
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Meteorological Systems 


(CONTINUED FROM PAGE 27) 


network is desired, the AN/GMD-2 
system would be the logical choice. 

As stated earlier, wind data could be 
obtained by tracking a drifting para- 
chute sonde while it descends. Two 
important problems must be con- 
sidered in this regard. The first is 
whether or not parachutes with _ its 
payload will respond to changes in 
wind velocity and direction quickly 
enough to provide useful information. 
The second problem is that of opening 
a parachute at the desired maximum 
altitude. 

The results of tests with the Wasp 
system indicate that the first problem 
may not be serious. Few data are 
available regarding the second prob- 
lem, although it is believed that para- 
chute opening at altitudes up to 175,- 
000 ft should certainly be possible. 
Russian reports indicate that parachute 
opening at 210,000 ft may be possible. 

Less critical problems are stability 
and descent rates. The use of guide- 
surface parachutes should provide ade- 
quate stability as well as improvements 
in wind tracking efficiency. A com- 
promise must be made between the 
descent rate at the top of the trajec- 
tory, where it should be slow enough 
to measure low wind speeds, and at 
lower altitudes, where the rate should 
be rapid enough to prevent the sonde 
from drifting out of range. 

An alternate plan might involve the 
use of balloons, rather than parachutes. 
A possible disadvantage with balloons 
would be the increased rocket pay- 
load due to the weight of inflation 
equipment. If only wind data are re- 
quired and radar with adequate range 
can be employed for tracking, thus 
eliminating a payload requirement, 
very light balloons and inflation equip- 
ment can be used. 


Temperature Measurements 


Of the many types of temperature- 
sensing elements available, three are 
worthy of consideration: ©Thermo- 
couples or theropiles, resistance wires, 
and thermistors. All three are light in 
weight, have minimum volume, and 
can be designed to withstand the ac- 
celeration and shock encountered in 
rocket flight. 

A thermocouple has the following 
additional features—a metallic surface 
which can reflect solar radiation, and 
a small thermal mass which has a high 
speed of response and _ reliability. 
However, two features limit its use- 
fulness for meteorological soundings— 
the need for a reference junction or its 
equivalent, and the additional circuitry 
required to telemeter an amplified emf 
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signal, 

A resistance wire can also have good 
reflecting characteristics and a fast re- 
sponse time. However, resistance 
wires have relatively low sensitivity to 
temperature changes, and the long 
length of wire needed to provide a 
useful change of total resistance with 
temperature would require a_ fairly 
elaborate mounting arrangement. For 
a short length of wire, the bridge cir- 
cuit required to provide sufficient sen- 
sitivity would greatly increase the 
circuitry costs. 

Thermistors have none of these un- 
desirable features. They have a very 
high negative temperature coefficient 
of resistance, can be fabricated into 
any reasonable shape and size, can 
have response times of one second or 
less, can be provided with reflective 
surfaces, and are inexpensive. Present 
use in U. S. Weather Bureau and Army 
Signal Corps routine balloonsondes 
has established their reliability under 
a multitude of weather conditions. 

Although it is felt that the design of 
the thermistors presently used for bal- 
loon soundings is not satisfactory from 
ruggedization or radiation viewpoints, 
a small bead thermistor with a reflec- 
tive coating is regarded as the most 
feasible choice for a temperature-sens- 
ing element in the rocketsonde. In 
addition, the circuitry required to 
telemeter temperature — information 
from thermistors is extremely simple. 
The thermistor is included in the grid 
circuit of the blocking oscillator and 
the thermal resistance changes of the 
sensing element are telemetered as a 
pulse modulation of the carrier fre- 
quency. 

Two principle sources of error 
should be considered—solar radiation 
and aerodynamic heating during des- 
cent. Ifa thermistor bead coated with 
evaporated aluminum is used, a maxi- 
mum error from solar radiation of 1.5 
C can be expected. The maximum 
error to be expected from aerodynamic 
heating is approximately 2.5 C. Both 
errors can be expected to decrease as 
the sonde descends. 

The most important component of 


the system from both the economic | 


and the operational points of view is. 


obviously the rocket vehicle. Several | 


designs can be visualized, depending 


on how the rocket designer prefers to | 


handle such parameters as type of pro- 
pellant and grain, diameter, burning 
time, and acceleration. 


For the Civil Defense Administra-| 
tion study, it was decided that the best | 
way to obtain a realistic idea of prob- 


able cost was to determine certain 


minimum specifications and submit | 


these to rocket manufacturers for esti- 
mates. Several rocket manufacturers 
very kindly agreed to cooperate and 
provided informal estimates and de- 
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ADVANCED WEAPONS 


broad creative mission 
at Chance Vought 


From Military Astronautics 
to ASW Responsibility. 


Vought studies toward spacecraft 
include multistaging, space communica- 
tions, nuclear and ionic propulsion, 
celestial navigation. Under the Office of 
Naval Research, Vought antisubmarine 
specialists are conducting research and 
development in ASW classification and 
detection methods. Key openings follow: 


Advanced Weapons Staff Engineer. 
Ph.D. preferred, with at least 10 years 
background in guidance or navigation and 
control systems. To develop completely 
new concepts in guidance, navigation, or 


control systems. 


Electro-mechanical Systems Engineer or 
Specialist. A.E., E.E., or M.E., (advanced 
degree preferred) with at least 7 years 
experience in autopilot, flight control, sta- 
bility systems and inertial guidance systems 
and design work. To make high-level tech- 
nical studies of various control and stabili- 


zation systems for advanced weapons. 


Lead Instrumentation Engineer. B.S. or 
M.S. in E.E., plus 5 years electronics exper- 
ience in telemeter applications of flight test 
instrumentation data. To guide a Research 
and Development group in the design and 
application of electronic gathering and 


reduction systems. 


Hydrodynamicist. B.S. or M.S. in Engi- 
neering plus 5-7 years experience in hydro- 
dynamics and cavitation of torpedoes and 


other fully submerged vehicles. 


Qualified engineers and scientists who 
would like to join Vought’s development 
of advanced weapons are invited to inquire. 


A. L. Jarrett, Manager, 
Advanced Weapons Engineering, 
Dept. A-2 


an 


OUGHT AIRCRAFT 
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| Vought Vocabulary | 


/ 
re -lent le SS% a missile that pierces hostile sky 


to pinpoint its nuclear strike 


When a target’s latitude and longitude are marked on 
this missile’s brain, an appointment has been made. 

To keep its rendezvous, the Chance Vought Regulus II 
performs miracles of navigation: it will launch stealthily 
from submarines — nuclear and conventional — from 
surface craft and mobile shore launchers. It will com- 
pensate automatically for wind and weather and for 
the earth’s rotation. It will detour enemy strongpoints, 
outfox known counterweapons. Closing in on its quarry, 
it can plummet from over 60,000 feet to smokestack 
height to escape radar detection. 

In minutes, Regulus II can pierce over 1,000 miles of 
hostile sky to score a nuclear bull’s-eye. 


The first of the Navy’s nuclear-driven subs, designed 
to roam the seas as unseen Regulus II bases, is now in 
construction. The missile itself has made over 25 suc- 
cessful flights. Under Navy leash in key locations, it will 
be a relentless watchdog for peace. 

Scientists and engineers: pioneer with Vought in new mis- 
sile, manned aircraft, and electronics programs. For details 
on select openings write to: C. A. Besio, Supervisor, 
Engineering Personnel, Dept. A S-2. 

CHANCE 


OUGHT AIRCRAFT 


INCORPORATED DALLAS, TEXAS 
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TRANS-SONICS 


REG. T.M. 


PRESSURE POTENTIOMETERS 


Beyond the Specifications . 
the Total Engineering Story 


TRANS-SONICS, INC. BURLINGTON, MASS! 
PRESSURE POTENTIOMETER 
CALIBRATION 


Rance pst_A_ ror. res. 


TYPE 


Pressure Potentiometers, Type 76 
Series, measure absolute pressures 
of liquids or gases in ranges up to 
10,000 psi. Operate accurately un- 


der vibration of 1 inch double am- ‘ “TRANS. SONICS | 
plitude from 2 to 22 cps, and 25 g 
from 22 to 2000 cps. Calibration one 
esi 
Card with 63 data points is sup- NGE a 
plied with each instrument and in- 


cludes 3 runs for rising and falling 
pressures with and without vibration. 


Specifications tell part of the story. At Trans-Sonics, Inc., 
they are only the beginning. For each basic design, three 
volumes of evaluation tests are available containing thousands 
of individual data points. Essential information on perform- 
ance under temperature, vibration, shock and humidity is 
investigated, sifted out and recorded for easy reference. 


This extensive data enables the user to quickly evaluate 
performance under new or unexpected environmental condi- 
tions. As a result, greater design freedom is possible and 
valuable engineering time is saved. Write to Trans-Sonics, 
Inc., Dept. 14, Burlington, Massachusetts, for Pressure 
Potentiometer Bulletin; or if you prefer, describe your operat- 
ing environment and quantitative information will be provided. 


TRANS-SONICS 


Precision Transducer 
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signs. 

The principle specifications were 
that the rocket: 

1. Reliably attain an altitude of 160,- 
000 ft. This altitude allows 10,000 ft 
for nose cone separation and deploy- 
ment of parachute. Since positional 
accuracy is not of prime consideration, 
a moderate amount of dispersion of the 
rocket trajectory can be tolerated. 

2. Carry a payload, including the 
nose cone, of 12 lb in a volume of 300 
cu in. These weights and volumes 
were conservatively estimated, based 
upon a minimum amount of miniatur- 
ization and ruggedization of the instru- 
mentation and a maximum amount of 
power, and therefore represent a maxi- 
mum payload. In all likelihood, re- 
ductions can be made from. these 
values. If so, rocket performance will 
be enhanced. 

3. Have sufficiently low acceleration 
not to require excessive and expensive 
ruggedization of the instrumentation, 
yet sufficiently high to provide flight 
stability under normally anticipated 
weather conditions. The launching 
system will obviously influence this de- 
sign specification. It was thought that 
accelerations of the order of 25 g’s or 
less would be reasonable. 

4, Have a mass produced unit price 
sufficiently low to render the entire 
system economically attraciive. This 
specification is obvious and should be 
given overriding consideration. How- 
ever, it does imply that extensive and 
more expensive ground facilities could 
be tolerated if the unit cost of the 
vehicle could thereby be reduced. 

Estimates for the cost of rocket ve- 
hicles produced at the rate of 100,00C 
per year varied from $75 to $375 each. 
Estimates for the cost of instrumenta- 
tion and parachutes ranged from $45 
to $110 per unit. A careful considera- 
tion of cost estimates and designs indi- 
cated that the probable cost of expend- 
able equipment could be expected to 
be on the order of $155 per round. 

It is impossible to discuss all aspects 
of the problem of developing an inex- 
pensive rocketsonde in this short re- 
view. Obviously, such problems as 
antenna design, tracking speed, 
launching system, descent rates, ac- 
curacy and _ sensitivity of measure- 
ments, etc., are also important.  Al- 
though these problems are not covered 
here, investigation showed that they 
are all amenable to solution with a 
reasonable development program. 

In view of the additional informa- 
tion that can be obtained and the in- 
creased reliability that can be 
achieved, the estimated production 
cost of expendable rocketsonde units 
seems quite favorable. The potential 
mutual benefits to both meteorology 
and rocketry certainly seem to make 
the development effort worthwhile. 
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Solar skills—and unique techniques— produce 
top-quality all-metal honeycomb structures 


PRECISION CORE is a fundamental 
requirement for top-quality all- 
metal honeycomb structures. At 
Solar, accuracy and uniformity are 
maintained by manufacturing core 
material on Solar-developed core- 
welding machines. A result of more 
than six years of research and devel- 
opment...the machines produce the 
core by forming foil-thin ribbons 
into corrugated strips and welding 
them together layer by layer. 
Materials used include PHI5MO, 


17-7PH, T-321, Inconel alloys, 
L-605, AM-350, AM-355 and A-286. 
Today, Solar honeycomb is being 
used in strong, lightweight struc- 
tural panels for the B-58 and other 
leading jet aircraft, in gas seals for 
turbine engines, and in rocket and 
missile components. 

Solar’s automatic core manufac- 
turing techniques — plus advanced 
panel fabrication and assembly 
methods—assure you of top-quality 
honeycomb structures that will 


withstand stringent service condi- 
tions. For complete information on 
how Solar’s precision all-metal sand- 
wich structures can serve you better, 
write to Dept. F-69, Solar Aircraft 
Company, San Diego 12, California. 


SOLAR 


AIRCRAFT COMPANY 


DES MOINES 
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ARS news 


Seen at the ARS-IAS Space Conference in San Diego 


ICHAIAL PERI 


This distinguished panel opened the successful two-day Space Exploration 
conference at San Diego co-sponsored by the local ARS and IAS Sections and 
ARDC. Left to right: A. C. Hall, Donald Michael, Morton Alperin, Homer J. 


Stewart and Theodore von Karman. 


Part of the audience of more than 600 who attended the conference listen 
attentively during the panel discussion. 


ORE THAN 600 scientists and 
engineers all having an interest 
in astronautics turned out for the Space 
Exploration conference in San Diego 
Aug. 5-6 sponsored jointly by local 
ARS and JAS sections and ARDC. 
The highly successful meeting, origi- 
nally expected to be a purely local 
affair, grew to a point where it drew 
registrants from all over the country. 
The meeting opened with a panel 
discussion of the economic, sociologi- 
cal and technological aspects of astro- 
nautics, and continued with three tech- 
nical sessions, one classified. Some 
18 papers were presented, ranging 
from discussions of the radiation in- 
tensity in space to a progress report 
on the X-15. 

The stimulating discussion which 
opened the meeting keynoted the two- 
day conference. C. L. Critchfield, 
director of scientific research for Con- 
vair, introduced the panel members— 
Theodore von Karman; Homer J. 
Stewart, Cal Tech; Morton Alperin, 
Directorate of Advanced — Studies, 
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AFOSR; Donald Michael, Dunlap and 
Associates; and A. C. Hall, Martin- 
Denver—and moderated the discus- 
sion. 

The discussion centered primarily 
on the possible impact of space flight 
on man and his environment, answer- 
ing the old question of “Why space 
flight?” in a number of different ways. 

It was apparent from the discussion 
that Dr. Von Karman was enthusi- 
astically in favor of intelligent space 
exploration. He pointed out that in 
the past scientists have had difficulty 
explaining the “why” of their basic 
research, and it is no different for 
space scientists. However, he added, 
we can already see how astronautics 
will result in great advances in knowl- 
edge in such fields as astronomy, me- 
teorology, physics of matter, field 
theory and atmospheric entry prob- 
lems. He also warned against space 
ventures carried out for purposes of 
prestige or publicity alone. 

Dr. Stewart made the point that 
we are just beginning to scratch the 


John E. Naugle of Convair, co-chair- 
man of one of the technical sessions, 
introduces a speaker. 


E. R. Van Driest, chief scientist of 
North American’s Missile Develop- 
ment Div. and chairman of the first 
technical session, makes a point. 


surface and are hardly in a_ position 
today to know all the advantages 
which will eventually accrue to man. 
He pointed out that present delivery 
costs—about $30,000 for each pound 
placed in orbit—preclude an elaborate 
effort at this time, but that foreseeable 
improvements in structures and _pro- 
pellants could bring that cost down to 
something like $300 a pound, and that 
when this happens the rate of return 
from space exploration will increase 
sharply. 

Dr. Alperin asked whether it was 
really necessary to find a justification 
for astronautics, noting that, just as 
research in any pure science yields 
knowledge useful to the military, so, 
undoubtedly, will space flight. He 
urged that we go ahead with our re- 
search, get it funded and worry about 
applications later. He stressed that 
this has been the pattern in research 
before, and will apply to space explora- 
tion as well. 

It was pointed out by Dr. Michael 
that space pioneers are risking the loss 
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Dr. Montgomery H. Johnson, Director of Aeronutronic 
System's Advanced Research Staff, discusses problems 
related to lunar research flights. Other Advanced Research 
Staff interests include the study of air opacity, infrared missile 
emissions, and high altitude and free space nuclear explosions. 


low Aeronutronic is meeting 
the needs of advancing 
science and technology 


The Ford Motor Company established Aeronutronic Systems, Inc. to engage 


in the development and manufacture of highly technical products for 


nilitary and commercial purposes. In a time of expanding science, Aeronutronic 
is meeting the technological needs of the Nation. A few of Aeronutronic’s 


broad interests and activities are illustrated here. 


Far Side Missile developed by Aeronutronic for USAF 
Office of Scientific Research. Four-stage rockets like 
this were balloon launched and fired to record breaking 
altitudes where they measured the Earth's magnetic 
field and cosmic radiation intensities. 


ASI Model IL-101 Subminiature Transmitter provides 
exceptional frequency stability under high acceleration 
space conditions. Size of unit: 1.1 x 1.4 x 2 inches. 
Weight: less than 5 ounces. Output: 150 + 10 mw. 


erial view of Newport Beach, California, where Aeronutronic Systems, Inc. is building modern, new facilities Prototype model of AS! Digital System Simulator. Unit 


b carry out military and commercial programs involving the most advanced research, development, experimen 


dking Newport-Balboa Harbor and the Pacific Ocean. 


For information about outstanding career opportunities, 


facilities or products, address: Aeronutronic Systems, Inc., Building 20, 


- is designed to give direct check of reduction of logical 


tion and production. Aeronutronic’s new facilities are located 40 miles south of Los Angeles on a mesa over- equations, to study a system's operations prior to 


construction, and to study alternate logical designs. 


AERONUTRONIC SYSTEMS, INC. 


a subsidiary of Ford Motor Company 


and for booklets on ASI's interest 


1234 Air Way, Glendale, California. 
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National Electronics Conference, sponsored by IRE, AIEE, ElA, Hotel 
ARS New Mexico-West Texas Section and American Meteoro- 
logical Society High Atmosphere Conference, El Paso, Tex. 
International Symposium on Rockets and Astronautics, sponsored by 
Deutsche Gesellschaft fur Raketentechnik und Raumfahrt, Essen, West 
National Society of Professional Engineers Fall Meeting, St. Francis 
15th Annual Display of the Aircraft Electrical Society, Pan Pacific 
National Specialist Meeting on Dynamics and Aeroelasticity, spon- 
5th Annual Meeting of the Professional Group on Nuclear Science, 


AF School of Aviation Medicine-Southwest Research Institute Space 


ARS 13th Annual Meeting, Hotel Statler, New York, N.Y. 
Wright Brothers Lecture, sponsored by IAS, Natural History Bldg., 


125th Annual Meeting of the American Assn. for the Advancement 


14th Annual Technical and Management Conference of the Rein- 
forced Plastics Div. of The Society of the Plastics Industry, Edgewater 


Flight Propulsion Meeting, sponsored by IAS, Hotel Carter, Cleve- 


Fifth Nuclear Congress of Engineers Joint Council, Cleveland Audi- 


40th Annual Convention of the American Welding Society, Chicago. 
National Telemetering Conference, co-sponsored by ARS, 


1959 Heat Transfer and Fluid Mechanics Institute, Univ. of Callif., 


ARS Gas Dynamics Symposium, Northwestern Univ., Evanston, 


On the calendar 
1958 
Oct. 13-15 
Sherman, Chicago. 
Oct. 14-16 
Oct. 23-25 
Germany. 
Oct. 23-25 
Hotel, San Francisco. 
Oct. 30-31 
Auditorium, Los Angeles. 
Nov. 6-7 
sored by IAS Texas Section, Texas Hotel, Ft. Worth, Tex. 
Nov. 6-7 
Villa Hotel, San Mateo, Calif. 
Nov. 10-12 
Symposium, Hilton Hotel, San Antonio, Tex. 
Nov. 17-21 
Dec. 17 
Smithsonian Institution, Washington, D.C. 
Dec. 26-31 
of Science, Washington, D.C. 
1959 
Jan. 26-29 27th Annual IAS Meeting, Sheraton-Astor Hotel, N.Y.C. 
Feb. 3-5 
Beach Hotel, Chicago. 
March 19-20 
land, Ohio. 
March 23-25 ARS Spring Meeting, Daytona Beach, Fla. 
April 5-10 
torium, Ohio. 
April 6-10 
May 25-27 
AIEE, IAS, and ISA, Denver, Colo. 
June 8-11 ARS Semi-Annual Meeting, San Diego, Calif. 
June 11-13 
Los Angeles. 
Aug. 24-26 
Nov. 16-20 ARS 14th Annual Meeting, Washington, D.C. 


of hard-won public interest and_po- 
litical support by presenting a con- 
fused picture of the purposes and 
intent of space exploration to the 
public. He also noted that space ex- 
ploration may not solve the impending 
overpopulation problem facing us on 
earth even if an inhabitable planet is 
found, since modern technological 
civilizations of the type capable of 
producing space ships do not produce 
hardy souls with the pioneering spirit 
necessary to colonize another planet, 
newspaper stories about trip 
volunteers notwithstanding. 

Increasing research and develop- 
ment costs involved in developing 
space vehicles pose a critical problem 
to the aircraft industry, Dr. Hall 
pointed out. Old-line aircraft indus- 
tries must not only build R&D organi- 
zations and fend off competition from 
newcomers, but also plow a share of 
earnings back into research, he 
warned. 

A few highlights from the technical 
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papers presented at the conference: 

Robert E. Roberson, Autonetics 
Div. of North American, reviewed 
several satellite attitude control sys- 
tems, including spin stabilization, fly- 
wheel stabilization, and natural and 
artificial inherent vehicle stabilization, 
noting that the physical basis for all 
these systems is now well established, 
but much needs to be done in the 
field of specific satellite applications. 

Milton U. Clauser, of the Ramo- 
Wooldridge Physical Research Lab, 
in his paper on space propulsion sys- 
tems, concentrated on ion systems and 
rockets whose gases are heated by 
fission reactors and thermonuclear re- 
actions, stressing the need for devel- 
opment of such systems for space 
exploration. 

George A. Hoffman of Rand Corp., 
reviewing materials for space flight, 
plumped for “whiskers” (August, 
1958, AsTRONAUTICS, page 31), not- 
ing that if a means of fabricating 
metal whiskers and _ incorporating 


them into structures is found, it could 
reduce airframe structural weights by 
as much as 80 per cent. 

In a paper on “Power Supply Prob- 
lems in Ion Propulsion,” A. L. Hueb- 
ner and R. H. Boden of Rocketdyne 
discussed the implications of using 
various liquid metals as heat exchange 
fluids in ion rockets, as well as the 
problem of keeping down the size of 
the cooling radiator and its relation 
to reactor power output. 

An interesting paper on space com- 
munication problems was _ presented 
by M. G. Chatelain, Antenna Research 
Lab, who suggested use of a metallic 
spiral printed on the surface of a 
plastic balloon as either a dipole or 
slot antenna to save weight and maxi- 
mize frequency band width. 

H. A. Lieske of Rand Corp. dis- 
cussed the precision navigation prob- 
lem involved in choosing trajectories 
for circumlunar flights originating 
from and returning to earth. A trip 
of this type would take six to 10 days 
using the trajectories discussed by 
Dr. Lieske. 

One unclassified paper at the clas- 
sified session, by John DeNike of 
Martin Co., assumed that a base was 
to be set up on the moon and analyzed 
the logistical problems involved in 
supplying and maintaining such a 
base. He noted that the amount of 
supplies necessary to support a 
manned base of this type would not 
be unreasonable. 

J. D. Hardy of the Johnsville, Pa., 
Naval Air Development and Materials 
Center described the results of test 
runs by pilots “flying” in a simulated 
cockpit mounted on the center’s 50-ft 
centrifuge, which simulates the ac- 
celeration loads a pilot might experi- 
ence in such vehicles as the X-15. 

J. E. Cook of Holloman AFB, in a 
paper on “Radiation Effects on Living 
Tissue,” described balloon experiments 
in which mice were lifted to altitudes 
of 80,000 ft to study the impact of 
low-energy heavy nuclei on living flesh 
and blood. He noted that to date 
there are no indications of any hazards 
existing at such altitudes. 

The last paper of the meeting, 
presented by John E. Naugle of Con- 
vair, reviewed the significance of the 
recent satellite data (July, 1958, As- 
TRONAUTICS, page 40) indicating an 
intense belt of radiation at alti- 
tudes of 600 miles and higher. Dr. 
Naugle stressed the point that a good 
deal more must be learned about this 
radiation before we can expose man 
to it for any length of time. 

Addison M. Rothcock, NACA as- 
sistant director of research, was the 
featured speaker at the banquet on 
Tuesday evening, Aug. 5, attended by 
some 270 guests. Dr. Rothcock dis- 
cussed the NASA Act, and the organi- 


iResearc! 
ralized air data 


system 


... supplying the following major airplane subsystems: Autopilot, 
Air Induction, Armament Control, Navigation, Surface Controls, 


Cockpit Indication and Pneumatic Static Pressure Correction. 


The AiResearch centralized air data com- 
puting system integrates pneumatic, 
electronic, electrical and mechanical com- 
ponents on one of the Navy’s fastest jets. 
It senses, measures, and automatically 
corrects all air parameters affecting flight. 
It supplies air data information to the 
pilot and all major airplane subsystems. 

This centralized combination of trans- 
ducers, computers and indicators is the 


most complete air data computing system 
ever devised. It enables aircraft to operate 
at maximum efficiency continuously. 
Eliminating duplication of components, 
the AiResearch centralized air data com- 
puting system cuts down space and weight 
requirements over decentralized systems 
by many times. Its principal functions: 
angle of attack, true static pressure (elec- 
trical and pneumatic), true air speed, 


true Mach, altitude, rate of climb, total 
temperature, dynamic pressure and alti- 
tude and Mach error. 

AiResearch has been the leader in the 
development of centralized computing 
systems. The F4H-1 installation is the 
first, single package air data computer pos- 
sessing completely interchangeable, mod- 
ular construction, 

Your inquiries are invited. 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


October 1958 / Astronautics 51 


: 
(a fi 
>» 


500 Fifth Ave., N. Y. 36, N. Y. 


George P. Sutton, President 
James J. Harford, Executive Secretary 
Robert M. Lawrence, Treasurer 


Krafft Ehricke, 1959 
S. K. Hoffman, 1958 
Simon Ramo, 1960 

H. W. Ritchey, 1959 


Lawrence S. Brown, Instrumentation and 
Guidance 

Milton U. Clauser, Magnetohydrody- 
namics 

Krafft A. Ehricke, Space Flight 

Stanley V. Gunn, Nuclear Propulsion 


S. K. Hoffman, Finance 
Simon Ramo, Publications 
H. W. Ritchey, Membership 


AMERICAN ROCKET SOCIETY 


OFFICERS 


BOARD OF DIRECTORS 


(Terms expire on dates indicated) 


Maurice J. Zucrow, 1960 


TECHNICAL DIVISION CHAIRMEN 


COMMITTEE CHAIRMEN 


Pennsylvania 6-6845 


John P. Stapp, Vice-President 
A. C. Slade, Secretary 
Andrew G. Haley, General Counsel 


H. S. Seifert, 1958 

K. R. Stehling, 1958 
Martin Summerfield, 1959 
Wernher von Braun, 1960 


Y. C. Lee, Liquid Rocket 

Brooks T. Morris, Ramjet 

David G. Simons, Human Factors 

John Sloop, Propellants and Com- 
bustion 


Ivan E. Tuhy, Solid Rocket 


H. S. Seifert, Program 
Kurt Stehling, Awards 
Martin Summerfield, Policy 


zation of the new agency and its role 
in the nation’s civilian space flight 
effort. 

In the course of his address, he 
noted that because of the psychologi- 
cal effects on the people of the world, 
who first circumnavigates the moon 
and orbits a man in space and safely 
returns him to earth, has become very 
important. 

“It is time for these things to be 
done,” he added. “The nation or 
group of nations which does these 
things first and continues to do them 
will improve its chances of having its 
political philosophy accepted through- 
out the world.” 

Richard D. Linnell of Convair was 
general chairman of the meeting, and 
he and his colleagues are to be con- 
gratulated for the part they played in 
making the conference an outstanding 
success. 

—William H. Dorrance 


Separate Meetings 
For ARS and ASME 

Because of the rapid growth of ARS, 
and the increasingly large attendance 
at meetings, ARS and ASME will in 
the future hold national meetings 
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separately, although continuing to en- 
joy reciprocal privileges, such as un- 
restricted attendance at technical ses- 
sions, and continuing to cooperate 
closely, as they have for 13 years. 
This year, ARS will hold its Annual 
Meeting Nov. 17-21 at the Statler- 
Hilton in New York; ASME will meet 
Nov. 30 through Dec. 5 at the Hotels 
Statler-Hilton and Sheraton McAlpin. 


SECTIONS 


Cleveland-Akron: Newly elected 
officers of the section for 1958-59 are 
Paul M. Ordin, president; Howard 
W. Douglass, vice-president for Cleve- 
land; Adolph L. Antonio, vice-presi- 
dent for Akron; and Paul E. Grevstad, 
secretary-treasurer. Besides its regu- 
lar monthly meetings, which in com- 
ing months will feature talks on NASA 
and Minuteman, the Section plans a 
joint ASME-ARS dinner meeting in 
Cleveland for Jan. 1959 and another 
joint meeting with IAS in Akron in 
Feb. 

—Harold W. Schmidt 


Florida: Some 50 members and 
guests met July 24 at the Missile Room 
of Patrick’s Officers Club to hear R. 
B. Morrison of Ramo-Woodridge de- 
scribe the Thor-Able project. Dr. 
Morrison explained that Thor-Able is 
a research re-entry vehicle composed 
of off-the-shelf components modified 
as little as possible to make it im- 
mediately useful. He illustrated his 
discussion with a number of fine 
slides. 

The local ARS and IRE groups 
gave a party July 26 for departing 
Florida section vice-president L. M. 
Orman. Bill Duvall of Douglas will 
take over for Col. Orman. 

—Ballard Small 


Southern California: In the July 
24 meeting held at the Institute of 
Aeronautical Sciences, Los Angeles, A. 
V. Cleaver, assistant chief engineer 
of Aero Engine Div., Rolls-Royce Ltd., 
Derby, Eng., spoke on “A Current 
British View of Rocketry.” He said 
there are two popular misconceptions 
in the U.S.—that nothing is ever done 
outside the U.S.A. and that every 
other country is competing in all fields 
with us. 


Looking to the Future at Cleveland-Akron 


New officers and key members of Cleveland-Akron—(1 to r) Paul Grevstad, 
Pierce Angell, Edward Rapp, Paul Ordin, Howard Douglass and Adolph Antonio 
—meet to plan section activities for the fall and coming year. Pierce Angell is 
a director, and Ed Rapp heads the membership committee. 


FOR GROUND CONTROLS 
AND TELEMETERIN 


& 
FAST 
RELIABLE 
SENSITIVE 
VERSATILE 


POLARIZED RELAY 


Division of 
COOK ELECTRIC COMPANY 
Chicago Illinois, USA 


write for our new Catalog: 
‘RELAYS BY DIAPHLEX”’ 


with over 225 standard adjustments listed that are interchangeable with, and 
cross referenced to the WE-280 code number. 


2700 SOUTHPORT AVENUE CHICAGO 14, ILLINOIS 
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Both these views are quite wrong. 
Britain, for example, made big con- 
tributions in nuclear energy, gas tur- 
bines, and radar, but cannot economi- 
cally compete with the U.S. in all fields 
of technology. The annual defense 
budget of Britain is only about $4 bil- 
lion compared with about $45 billion 
for the U.S.A. 

In common with other European 
countries, Britain has specialized in 
one or two fields. Rocketry has not 
been one of them. British achieve- 
ments in rocketry have not been par- 
ticularly outstanding, compared, say, 
with her achievements in the field of 
jet engines. Yet she has made several 
novel contributions. 

During WW II, Britain did exten- 
sive work on small solid-propellant 
rockets, mainly unguided projectiles. 
Intelligence reports on V-2 and on 
rocket development for aircraft and 
missile propulsion stimulated interest. 
The Royal Aircraft Establishment 
(RAE) at Farnborough commenced a 
limited program with a rocket engine 
using lox and gasoline. Originally 
the rocket engine was intended for as- 
sisted takeoff of aircraft, but for one 
ton of thrust the unit itself weighed 
almost one ton. Work also went 
ahead on a missile, the LOPGAP (lox- 
petrol ground-to-air projectile) which 
only evolved as a test vehicle. 

The Guided Projectile Establish- 
ment, an department, later 
moved to Westcott. British aircraft 
firms began entering the field of 
guided weapons. | Woomera was 
established as the main missile testing 
ground. 

Britain concentrated on ground-to- 
air and air-to-air weapons, using. ra- 
dar and infra-red guidance systems. 
A typical ground-to-air missile was the 
Bristol Bloodhound using rocket boost 
and a ramjet sustainer. The British 
Navy’s Seaslug started out as a liquid- 
propellant rocket vehicle, but now 
uses a solid propellant. So did the 
English Electric Thunderbird. In 
fact, the trend has been to leave 
liquids and to use solids almost ex- 
clusively for these classes of missiles. 

Britain’s most original work in 
rocketry has been done with aircraft 
propulsion. At the end of WW. II, 
much German information became 
available. Moreover, as the German 
Walter concern was in the British 
Zone of occupation, many Walter sci- 
entists came to work in Britain. Also 
Britain had concentrated hydrogen 
peroxide (high test peroxide, HTP) 
available in bulk. Even before the 
war the British Government had been 
offered 80 per cent peroxide by a 
British firm. The tendency was 
therefore for British rocket work to 
start off with the HTP. Examples 
are found in the Napier missile motors 
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and in various aircraft engines. 

Britain is interested primarily in 
rapid-climb interceptors, which need 
mixed power plants—jets and rockets. 
Three projects of this type were 
started. Armstrong Siddeley pro- 
duced the 2000 Ib thrust Snarler, 
which used lox. This engine was 
flown experimentally in 1950. Then 
that company built the Screamer, 
which used lox and kerosine with 
water cooling. This engine was in 
the 8000 Ib thrust range and formed 
the main engine of a fighter with a 
jet engine as the auxiliary power plant 
for use when the rocket engine had 
consumed its propellants. About 
1956, the Ministry of Supply decided 
that liquid oxygen was not a suitable 
oxidizer for manned interceptor air- 
craft and stopped the project. Now 
Armstrong Siddeley is working on 
other power plants using HTP. 

Napier produced the Scorpion, 
HTP kerosine, two-barrel engine, and 
the De Havilland Engine Co. pro- 
duced the Sprite and the Super Sprite. 
Comet I was to have used the Sprite 
for assisted takeoff from high-altitude 
airfields. The Super Sprite is used as 
a booster for the Valiant, V-bomber. 
This company also produces the Spec- 
tre to the same specifications as the 
Screamer. It is a_thermal-ignition 
type of engine in which the HTP is 
decomposed by a catalyst in a cham- 
ber ahead of the fuel injection. Spec- 
tre also has the unusual feature of a 
topping turbine, with the turbine ex- 
hausting into the main chamber. The 
hot gases give automatic ignition 
without critical starting conditions. 

This engine has, in fact, been con- 
trolled over a thrust range of 15:1 
without combustion instability; and 
there have been extensive tests in 
England with the Spectre running 
for over 70 min, during which it con- 
sumed 45 tons of HTP. Present HTP 
consumption in the British rocket in- 
dustry amounts to about 1500 tons 
per year for R&D alone. It is also in- 
teresting to note that no significant 
accidents in flight or in test beds have 
occurred that could be directly attrib- 
uted to the use of HTP. 

Now there is active work on the 
British IRBM, with Rolls-Royce mak- 
ing the propulsion unit under license 
from Rocketdyne. But as to a space 
program, there is none officially spon- 
sored in Britain, nor is there likely to 
be one. Only private studies are be- 
ing made, for example, on ion propul- 
sion. 

The only significant British rocket 
society has been the British Interplan- 
etary Society, formed in 1934. It has 
always been concerned mainly with 
space flight problems but has also 
been interested in rockets. From 


small beginnings it now has more than 


3000 members and it was largely in- 
strumental, in 1950, in forming the 
IAF. 


British reaction to the launching of 
a Soviet earth satellite was not quite 
so much of surprise as in the U.S. 
Already it had been concluded in 
Britain that the U.S.S.R. was trying 
hard and with large resources.  Brit- 
ain also was not so personally involved 
as the U.S. and accordingly did not 
fee! any blow to national pride. 

Mr. Cleaver answered many ques- 
tions from his audience during a long 
discussion following his talk. 

—Eric Burgess 


Wichita: The July dinner meeting 
featured a talk by Phillip W. Russell, 
member of the Wichita Moonwatch 
team, on “Orbital Data and Prelimi- 
nary Analyses of Satellites.” Dr. Rus- 
sell explained how data like that taken 
locally contributes to the charting of 
satellite paths and how, out of a mass 
of detailed tracking data, expressions 
have been developed for predicting 
and following back the orbit of a satel- 
lite. 

The Wichita section is making plans 
to present for its members and others 
in the area—people at Beech, Boeing, 
Cessna and the University of Wichita 
—the 17-lecture space-technology film 
series produced by Ramo-Woodridge 
in cooperation with the University of 
California at Los Angeles. This film 
series, which has received much favor- 
able comment, will give some real sub- 
stance to our local educational pro- 
gram in rocketry and space tech- 
nology. 

—R. Harvey Anselm 


CORPORATE MEMBERS 


Douglas is building a $10 million 
facility with a 1-ft “trisonic,” a 4 ft 
square supersonic and a 24 in. diam. 
hypersonic (higher than Mach 10) 
tunnel with its own funds on a 10- 
acre site in El Segundo, Calif. The 
small trisonic tunnel, begun in 1956, 
served as a pilot model for the other 
two. The supersonic tunnel will be 
completed in early 1959, and construc- 
tion of the hypersonic tunnel will be- 
gin late this year. 

Boeing will give some 600 AF and 
CS specialists maintenance and opera- 
tions training on the B-52G missile- 
platform bomber at its Witchita, Kan., 
plant. These specialists will in turn 
form a training cadre for field units 
when deliveries of the B-52G_ begin. 
The first B-52G rolled out of Boeing 
in July. 

Aveo’s R&D Div. has taken up 
headquarters in a new $16 million 
center at Wilmington, Mass., with 
only the Electronic Systems Dept. re- 


SPARROW IlII—the Navy's tenacious, lightning- 
fast, air-to-air missile—is intended for extensive 
use by Navy fighter aircraft in fleet air defense. 
Sparrow III is a Raytheon prime contract. 


HAWK—the Army's defense against low-altitude 
attackers—carries out its destruction in the blind 
zone of conventional radars. Hawk development 
and production is under Raytheon prime contract. 


TARTAR—A substantial contract for vital electronic 
controls for this Navy destroyer-launched missile is 
held by Raytheon. This equipment—a tracking 
radar and associated units—enables it to “lock 
on", cling to target’s path, despite evasive tactics. 


ADVANCED PROJECTS in aeronautical structures 
as well as missile guidance and control are now 
underway in Raytheon laboratories. New facilities 
are continually being added for this work. 


= SECRET 


PRELIMINARY NEW DESIGNS of tomorrow's mis- 
siles will result from the advanced work being 
done by today’s missile engineers. Raytheon plays 
an important role in this area. 


Raytheon diversification offers 


JOB STABILITY 


FOR CREATIVE 
MISSILEMEN 


Here is an opportunity to free yourself of worry about a job 
that’s here today, gone tomorrow. 


Diversified assignments—only possible in a company with 
Raytheon’s wide range of missile activities—means security 
not found in one- or two-project companies. You apply your 
creative energies to the many projects you work on, and they 
in turn are your “insurance” against falling into a rut. 


Individual recognition comes quickly from Raytheon’s 
young, engineer-management—men who are keenly aware of 
the engineer’s needs and contributions to missile progress. 


Dynamic Raytheon growth—the fruit of this management’s 
progressive policies—is best illustrated by the fact that Ray- 
theon is already the only electronics company with two 
prime missile contracts—Navy Sparrow III and Army Hawk. 


The next step is up to you. Why not get frank answers and 
helpful information on the type of job suited to your back- 
ground and talents, its location, salary and other important 
details. Write, wire or telephone collect: The number is 
CRestview 4-7100 in Bedford, Massachusetts. Please ask 
for J. Clive Enos. 


RAYTHEON OPPORTUNITIES NOW OPEN IN: 


WEAPONS SYSTEM ANALYSIS + CONTROL SYSTEMS 
PACKAGING - MICROWAVE RADAR SPECIFI- 
CATIONS - MISSILE AERODYNAMICS - WIND TUN- 
NEL TESTING - AERODYNAMIC HEATING + ROCKET 
ENGINEERING - VIBRATION MEASUREMENT and 
DATA REDUCTION 


RAYTHEON MANUFACTURING COMPANY 


Missile Systems Division, Bedford, Mass. 


MISSILE SYSTEMS 
D/V/S/ION 


Excellence in Electronics 
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SCIENTISTS 


there’s genuine 
opportunity at 
General Mills 


The Mechanical Division of General 
Mills, Minneapolis, Minnesota, 
needs senior level staff personnel 
for creative design and development 
in the following fields: 


Advanced Digital Computer Systems 
Design 


Advanced Digital Computer Circuit De- 
velopment 


Advanced Pulse and Video Circuit De- 
velopment 


Advanced Electromechanical Computer 
Development 


Advanced Inertial Navigational System 
Development 


Aerodynamicists 


Optical and Infra-Red Equipment Engi- 
neering 


Telemetry Systems Engineers 


Test and Evaluation of Basic Electronic 
and Electromechanical Components 


Positions available for purely tech- 
nical and for technical-supervisory 
work—job titles and salary provide 
equal opportunity for advancement 
in both. 


Positions exist in Engineering De- 
partment which is engaged in ad- 
vanced design and development of 
military weapons reconnais- 
sance systems, communications, 
controls, guidance, navigation, and 

ecial purpose digit: ul computers. 
Work i is mainly military, with some 
special commercial instrumentation 
and control. 


If you have at least five years’ ex- 
perience in creative design or de- 
velopment—a good understanding 
of fundamentals and ability to 
apply them—learn more about the 
opportunity and long range security 
offered at General Mills. You'll like 
our people, our interesting, non- 
routine projects—and you'll like 
Minnesota, land of lakes and pine. 
In Minnesota everyone takes time 
to enjoy life. 


Write for more facts. 


MECHANICAL 
DIVISION 


Personnel Department (A2) 


2003 E. Hennepin, Minneapolis 13, 
Minnesota 
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maining in its present Boston site. 
Facilities include four main integrated 
buildings providing over 400,000 sq 
ft of floor space and covering some 
five acres on 100-acre grounds. In 
addition, the center will include 


Avco’s ballistic range and are wind 
tunnel, buildings for which are still 


under construction. Avco Research 
Lab, a separate division of the cor- 
poration, will also move to this center 
later in the fall. 


Martin Establishes Space Flight Division 


Martin has formed a Space Flight 
Division, with headquarters in Balti- 
more, to direct the Dyna-Soar team— 
Martin, project direction and propul- 
sion; Bell Aircraft, airframe; Minne- 
apolis-Honeywell, guidance system; 
Bendix Aviation, communications, te- 
lemetry, hydraulics, and _ electrical 
power system; Goodyear Aircraft, 


crew-escape capsule and radar system; 
and American Machine and Foundry, 
ground equipment. Staffed by mem- 
bers of both Martin and Bell, the new 
division will have as general manager 
George S. Trimble Jr., a Martin vice- 
president, and as assistant general 
manager, R. J. Sandstrom, a Bell vice- 
president. 


Answers to September Space Technology Quiz 


Correct answers to the Space Tech- (2); 44. (5); 45. (4); 46. (2); 47. 
nology Quiz which appeared in last (5); 48. (3); 49. (1); 50. (3); 51. 
month’s AsTrRONAUTICS (page 22) are (Dye 52. 04. ob. 
as follows: (1); 56. (2)3 57. 58. (5); 59 

(12960: (3); 61. (3): 62: (2): 163. 

(3); 64. (4); 65. (3); 66. (4); 67 

7. (1); 8. (43-9) (35.40: 
11. (2)e 12. 4) 138. GS: (2): 69: 70. (3) 71. 
(2); 15. (2); 16. (4); 17. (5); 18. 72. (4) © (3); 75. (4); 76 
(4); 19. (3); 20. (2); 21. (2); 22. (5); 77. (2); 78. (4); 79. (2); 80. 
(4); 23. (5); 24. (3); 25. (2); 26. (3); 81. (5); = (3); 83. (1); 84. 
(4); 27. (2); 28. (3); 29. (4); 30. (5); 85. (3); 86. (2); 87. (1); 88 
(3); SL. (4); 32. (4); 33. (4); 34. (2); 89 (4); 90. (4); 91. (2); 92 
(2). (5); 93. (1); 94. (1); 95. (2); 96. 
35. (1); 36. (4); 37. (2); 38. (4); (5); 97. (4); 98. (4); 99. (1); 100. 
39. (1); 40. (3); 41. (4); 42. (4); 43. WOT, 102. 
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SCORE ON S.T. FINAL 


Distribution curve shows how students taking Space Technology Course given by 


Univ. of California did on final exam. Exam had only 85 questions; quiz printed 


last month was enlarged to 102 questions. 
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Swedlow 


PRECISION HIGH TEMPERATURE WELDED HONEYCOMB CORE 


These are the all-important requirements for the 
manufacture of high temperature resistance 
welded honeycomb core. 

Swedlow automatic manufacturing techniques 
are upgrading these industry standards. Close 
quality and process control assure you of the fin- 
est high temperature honeycomb core available. 

Swedlow precision honeycomb core simplifies 
panel fabrication and assembly, 
eliminates rejections and the ex- 
pense of replacement or rework. 

Using Swedlow high tempera- 
ture core materials, you can 


ratios of strength and rigidity to weight, high 
vibration damping, fatigue resistance and corro- 
sion resistance. 

In the field of “super-alloys,” Swedlow explor- 
ation is moving swiftly. We are investigating the 
fabrication of core from these and other materi- 
als using existing processes. Research and devel- 
opment programs have been established to 
evaluate other types of welding. 

Swedlow is ready with a highly 
trained staff of engineers and 
technicians to assist you in appli- 


expect the maximum job per- 
formance and resultant high 


Swedlow 


PLASTICS COMPANY 


Los Angeles, California 
Youngstown, Ohio 
Please refer to Dept. 17 


cations of high temperature 
welded honeycomb core. Write 
today for full information. 
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Instrumentation—Part II 


(CONTINUED FROM PAGE 37 ) 


132 measurements. 

The SCO’s are of the standard tele- 
metering variety. The SMU’s add 
or subtract for zero adjustment, at- 
tenuate or amplify for adjusting range 
or span, and substitute calibrating for 
signal voltages. This latter function 
can be accomplished manually, step 
by step, or automatically through all 
the SCO’s on a tape track. 

The transducers are to some extent 
the same as those used in flight tele- 
metering. Wherever possible, they 
are of the potentiometer type, which 
give high signal-level output. High- 
level signals are used when possible. 

AC-type transducers and signal 
functions are shown below the dotted 
line in the drawing, p. 36. The AC 
signals come from reluctance or in- 
ductance transducers, self-generating 
flow meters and some autopilot signals, 
such as gyro positions. In some in- 
stances, AC signals may be discrimi- 
nated and sent through the remainder 
of the system as amplitude signals. 

Monitoring and quick-look indica- 
tors and recorders are shown in the 
upper part of the drawing. About 30 


such measurements are made when 
the FM system is fully operative. 

Instrumentation at a_captive-test 
base is distributed as follows: Trans- 
ducers are located on the missile and 
ground support equipment. Patch 
panels and signal modifying units are 
in a transfer room near the test stand. 
The remainder of the system is in the 
blockhouse. Also in the blockhouse 
are sequence recorders and a partial 
data-processing station for checking 
out the FM instrumentation system. 

The kind of measurements to be 
made and the stability of critical com- 
ponents, such as transducers, affect 
the operating time and accuracy of the 
system in several ways. The time- 
consuming operations in preparing in- 
strumentation for a test are setup, 
checkout and calibration, and trouble 
shooting. Some 80 per cent of the 
measurements can be made routinely. 
Generally, only high-frequency and 
high-accuracy measurements must be 
specially handled. 

Looking at routine measurements, 
we see, first, that adequate patching 
facilities are the prime consideration 
in reducing setup time, and, second, 
that checkout and calibration proce- 
dures must be simple. The first is a 
straightforward design problem once 


It Came From Outer Space 


Put there and brought safely back by the historic May 
18th Jupiter, this “warhead device,” designed and built by 
Ford Instrument Co., in cooperation with ABMA, func- 
tioned perfectly during the flight, as determined by teleme- 


tering. 


It was not previously revealed that the Jupiter 
nose cone contained functioning instruments. 


Examining 


the little mystery are, left to right, William Schneider of 
Picatinny Arsenal (back to camera), Michael Moscarello 
of Ford, Robert Schwartz of Picatinny and John Kallen- 


berg of Ford. 
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operating procedure is established. 
As to calibration and checkout, if it is 
remembered that the problems of 
laboratory work need not be taken 
into the field, operations can be made 
straightforward without loss of val- 
uable time. There must, of course, be 
confidence in the stability of precali- 
brated instruments, e.g., voltmeters 
and transducers, and good engineering 
insight as to the kind of error that 
might arise from the way the instru- 
ments are used. 


Ground Land Lines 


Problems of leakage, crosstalk and 
noise in long land lines have come in 
for some discussion lately. We need 
only repeat here that effort spent in 
a good grounding system is well re- 
paid and that the length of lines be- 
tween the transducer and the point of 
entry into the system should be as 
short as practical for checkout  pur- 
poses. 

Some workers in this field have 
standardized transducers to the point 
where they are interchangeable, thus 
making it unnecessary to refer to serial 
number and_ associated calibration 
data. The transducer output is as 
dependable as the reading of a volt- 
meter. We have reached this state of 
the art in many areas, and are rapidly 
approaching it in the area of non- 
routine measurements. 

As mentioned, signal-modifying 
units have associated with them a 
manual and/or automatic switching 
arrangement for injecting calibrating 
voltages into the recording system. 
With confidence in the transducer to 
convert a physical function into a 
voltage without drift, it is a relatively 
easy matter to calibrate the rest of 
the system by automatically injecting 
calibration voltages. This eliminates 
the laborious, time-consuming process 
of applying accurately known cali- 
brating stimuli to transducers. 

The automatic, or voltage injection, 
method of calibrating those elements 
that show drift is so simple that it 
requires only a few minutes before 
and after each test. Voltages are in- 
jected into the telemetering system 
during flight and are used by the 
ground station to apply automatic cor- 
rections. System tests which precede 
a major test also give the instrumenta- 
tion a good functional check. 

The most time-consuming thing in 
end-to-end calibration—communica- 
tion between the man applying stim- 
ulus to the transducer on the missile, 
the man making adjustments in the 
transfer room, and the man reading- 
cut in the blockhouse—can, then, be 
avoided in routine measurements by 
either recalibrating or replacing a 
transducer whose calibration is in 
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question and by automatic voltage 
calibration of the remainder of the 
system. This procedure also facilitates 
trouble shooting and avoids time de- 
lays that permit drifts to become large 
enough to affect accuracy. 

Good overall accuracy has been 
obtained through use of this system. 
The processing station gives digital 
data accurate to +1 per cent or better 
and analog data to +1.5-2 per cent. 
The FM system is good to +4 per 
cent for routine measurements; actual 
testing thus far has shown an accuracy 
of +1 per cent on 85 per cent of 
measurements taken. Where required, 
the accuracy of the FM system can be 
improved by using special transducers, 
suppressing zeros, etc. 

The trend in missile instrumenta- 
tion, in addition to the kind of auto- 
mation described here, is statistical 
treatment of measurement accuracy. 
Instead of using calibration curves for 
each measurement, a tolerance about 
a linear transfer function is used. That 
is, the best (least square) straight line 
is drawn through the calibration data, 
and the zero offset and slope of this 
line, together with the tolerance, is 
specified for each measurement. The 
actual data used in this process con- 
sists of the straight line of the trans- 
ducer and the transfer function ob- 
tained from automatic calibration of 
the remainder of the system. 

At Convair, we had initially planned 
to have automatic linearity-compensa- 
tion equipment in the data-processing 
station, but found that transducer and 
other component nonlinearities did not 
warrant it. This condition will im- 
prove as equipment development pro- 
gresses. Even now, many transducers 
are interchangeable. 

Beyond these points, there seems to 
be a general tendency to divide data 
into two classes: (1) Transient data, 
or data with a high time accuracy 
requirement, and (2) semi-steady-state 
data with a high amplitude accuracy 
and a relatively low time accuracy. 
The former will probably always be 
treated by some form of analog plot- 
ting, but there is a tendency to treat 
the latter by digital methods. We may 
some day even have more digital trans- 
ducers. The “Vibratron” and_ fre- 
quency-generating flowmeter are ap- 
proaching this. 


White Succeeds Kincheloe 


AF Capt. Robert M. White of New 
York City has been named to succeed 
Capt. Iven C. Kincheloe Jr. in the AF 
X-15 test program next year. Capt. 
R. A. Rushworth will be used in sim- 
ilar AF programs. Capt. Kincheloe 
was killed in a jet plane crash at Ed- 
wards AFB, as noted. 


DISPERSION 
MIXERS 


PROCESS 


Above is one of the four DAY Dispersion Mixers that process solid 
propellant at the Seymour plant of Amoco Chemicals Corp., Division 
of Standard Oil Company of Indiana. Amoco Engineers selected new 
DAY equipment because of the many unique design and construction 
features incorporated into these mixers for this exacting work. Typical 


features— 


@ Rugged Construction 


@ Tank is Stainless Steel 
and Jacketed 


@ Blades are ‘‘Z” Type and Cored 
@ Close Temperature Control 
@ Protected by Safety Devices 


Can Mix Under Vacuum 

Cover Air-Cylinder Operated 
Cover has Over-Pressure 
Release 

Stuffing Boxes Protect 
Bearings and Mixture 
Motorized Dumping Mechanism 


Amoco’s personnel express complete satisfaction in the safety, 
ruggedness and thoroughly dependable performance of these DAY 
Dispersion Mixers. Investigate the many proven advantages of these 
mixers for your production. Available in a complete range of labora- 
tory and production sizes: 14 to 300 gallon capacities, 344 to 150 hp. 


drives. Write for detailed information. 
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SYSTEMS 
RELIABILITY 


with... 


GENERATORS 


These extremely versatile units are 
being used in aircraft and missile 
systems to operate hydraulic pumps, 
electric generaters, gyroscopes and 
turbo-blowers; to inflate flotation 
bags; to pressurize hydraulic accumu- 
lators and pneumatic systems and a 
wide variety of similar applications. 

Units are very light in weight, com- 
pact in size and can be produced to 
meet individual customer specifica- 
tion. Gas produced is of controlled 
pressure, mass-flow and temperature, 
independent of external environment, 
acceleration or vibration. 

Mc/S/A is also producing igniters, 
pressure cartridges, explosive bolts, 
initiators and hi-pressure electrical 
connectors for ordnance rockets, guid- 
ed missiles, aircraft and commercial 
uses. 

Write in for detail technical data. 


Explosive Ordnance by 


McCormick Selph Associates 


Hollister Airport — Hollister, California 
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Missile market 


HE ONLY stock that failed to par- 

ticipate in the July advance led the 
August market with a dramatic 30 
per cent increase. Bell Aircraft’s price 
appreciation was concentrated in the 
two days following the company’s an- 
nouncement that it had successfully 
tested a rocket engine using liquid 
fluorine in place of liquid oxygen. 
This market action indicates two im- 
portant facts: 

1—The financial press, stockbrokers 
and investors have reached a much 
more sophisticated level of interpreta- 
tion of the technical developments in 
the missile industry, and 

2—Corporate innovations, which 
come particularly frequently to missile 
industry companies, will affect secu- 
rity prices much more than general 
market or economic trends. 

Offsetting Bell’s 30 per cent ad- 
vance, General Precision Equipment 
lost 15 per cent of its market value on 
drastically reduced earnings and an 
omitted dividend. Other wide moves 
were seen on the upside in Thiokol 
and Litton and by Marquardt on the 


BY 


ROBERT H. KENMORE, Financial Editor 


movements cancelled each other out as 
the averages remained stable. 

In spite of all the publicity being 
given to the “outrageously” high ex- 
penditures which we are being asked 
to make for missile and aircraft devel- 
opment, and overall defense in the 
cold war race with Russia, some figures 
relating these costs to our total Gross 
National Product will show that our 
economy could still support a signifi- 
cantly higher level of spending in this 
area. 

The percentages top p. 61 show that 
total defense expenditures are still sub- 
stantially below the average for the 
last seven years and that aircraft and 
missile expenditures have yet to show 
an appreciable rise (although the 
shift in emphasis from aircraft to mis- 
sile has, of course, been marked). It 
is important to learn to ignore dollar 
figures and stick to more meaningful 
percentages when trying to determine 
what is “high” or “expensive,” since 
dollars are constantly being blown up 
by inflation and do not take into ac- 
count the overall growth in our econ- 


downside. For both the missile index omy. In the light of these consider- 
and the Dow-Jones, all individual ations, the $39.6 billion defense ap- 
THE MARKET AT A GLANCE 
700 T 
23 Leading Missile Companies* i 
650 
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Dow-Jones Industrials 
400 
JAN. APR. JUL. oct. JAN. APR. JUL. 
1956 eS 7 1958 
*Index compiled June, 1955 
Sept. Aug. Sept. 
1958 1958 Change 1957 Change 
Dow-Jones Industrials 508 505 +0.6 484 + 5.0 
Missile Index 683 678 +0.6 583 +17.0 
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RELATIONSHIP OF DEFENSE 
EXPENDITURES TO GNP 


(Billions) 
Total Aircraft 
Year Ended Defense % of and Missile % of 
June 30 GNP Expenditures GNP Expenditures GNP_ 
1952 336 38.97 11.6 5.06 Ure, 
1953 360 43.71 
1954 362 40.34 Lae 8.84 2.4 
1955 379 35.53 9.4 8.76 2.3 
1956 409 35.79 8.8 8.32 220 
1957 432 38.44 8.9 10.08 2.3 
1958 435 39.01 9.0 10.74 2-2 


propriation set by Congress for fiscal 
1959, generally considered some kind 
of record, would only represent 8.4 
per cent of the Gross National Product 
estimated for mid-1959—the smallest 
figure since 1951! 

From the table on corporate earn- 
ings it is evident that the first six 
months of this year have held mixed 
blessings for the missile makers. Just 
as evident, however, is the fact that 
investors have largely chosen to ignore 
earnings news when it was bad. Only 
two stocks declined between January 
1 and August 29, although 12 of the 


companies reported lower per share 
earnings for the period, or failed to 
register any increase. 

One of our readers has suggested 
that we make a survey of how many 
people reading this column actually do 
invest (or plan to) in missile securities. 
In order to get a meaningful figure, 
it would be extremely helpful if all 
readers of the “Missile Market” could 
drop me a postcard, simply indicating 
whether or not they own any securities 
of companies in the missile-rocket field. 
Please mail these to me at P.O. Box 
175, New York 16, N.Y. 


CORPORATE REPORTS! 


Change in Change in 
Sales Earnings Earnings Market Price 
Company (Million $) per Share from 1957 from Year-End 

Chance Vought $154 $4.35 +123% +47% 
Raytheon 179 1.29 +59 +66 
Litton? 83 2-12 +40 +32 
Lockheed 466 3.30 +29 +35 
Aerojet® 92 0.54 +29 
Northrop? 192 2.99 +28 +14 
Ryan‘ 35 1.90 +24 +44 
Boeing 861 2.78 +19 +17 
Marquardt® 23 0.80 +11 +35 
Bell 101 0.81 + 3 +47 

G. M. Giannini 5 0.58 — + 9 
Thiokol 32 0.68 _ +26 
General Dynamics 790 2.04 —9 _ 
Hercules Powder TZ 0.89 —14 +14 
Martin 188 1.23 —19 + 2 
Douglas® 594 3.41 —24 —19 
North American? 679 2.27 —32 +10 
Bendix? 155 0.92 —34 +31 
American Bosch 58 0.85 —46 +30 
Thompson Products 142 1.22 —56 +12 
Sperry Rand® 210 0.13 —63 + 3 
General Precision Eq 86 0.16 —93 —17 


' For six-month period ending June 30, unless otherwise noted. 


2 Twelve months to July 31. 

3 Nine months to April 30. 

* Six months to April 30. 

5 Twenty-eight weeks to July 19. 
® Six months to May 31. 

7 Nine months to June 30. 

8 Three months to June 30. 


ASI 
ENGINEERS 
& SCIENTISTS 


Here is your opportunity to grow 
with a young, expanding subsidiary 
of the Ford Motor Company. Out- 
standing career opportunities are 
open in Aeronutronic’s new RE- 
SEARCH CENTER, overlooking the 
Pacific at Newport Beach, and the 
facility in Glendale, California. 
You will have all the advantages of a 
stimulating mental environment, 
working with advanced equipment 
in a new facility, located where you 
can enjoy California living at its 
finest. 


PhD and MS RESEARCH SPECIAL- 
ISTS with 5 to 7 years’ experience in heat 
transfer, fluid mechanics, thermodynamics, 
combustion and chemical kinetics, and 
thermoelasticity. To work on theoretical 
and experimental programs related to re- 
entry technology and advanced rocket 
propulsion. Specific assignments are open 
in re-entry body design, high temperature 
materials studies, boundary layer heat trans- 
fer with chemical reaction, thermal stress 
analysis, and high temperature thermo- 
dynamics. 

PROPULSION ENGINEERS with 5 years’ 
experience in liquid and solid rocket design 
and test. Familiarity with heat transfer 
problems in engines desirable. To work on 
program of wide scope in R & D of advanced 
concepts in rocket engine components, and 
for missile project work. 

ADVANCED AERODYNAMIC FACIL- 
ITY DESIGNER. Advanced degree de- 
sired. To supervise work in design and in 
instrumentation of advanced aerodynamic 
test facilities such as shock tubes, shock 
tunnels, plasma-jets, and hyper-velocity 


guns. 
STRUCTURAL ANALYSIS SECTION 
SUPERVISOR with 8 to 10 years’ experi- 
ence, including supervision, in the missile 
ield. Graduate degree for design and 
analysis required. Will be required to 
apply knowledge of high temperature ma- 
terials and methods, thermal stress, dynam- 
ics, etc. to advanced hypersonic vehicles, 
re- entry bodies, and space vehicles. 
FLIGHT TEST & INSTRUMENTATION 
ENGINEERS with 5 to 10 years’ experi- 
ence in laboratory and flight test instru- 
mentation techniques. Will develop tech- 
niques utilizing advanced instrumentation 
associated with space vehicles. 
THEORETICAL AERODYNAMICIST. 
Advanced degree and at least 5 years’ ex- 
perience in high-speed aerodynamics 
Knowledge of viscid and inviscid gas flows 
required. To work on program leading to 
advanced missile configurations. Work in- 
volves analysis of the re-entry of hypersonic 
missiles and space craft for determining 
optimum configuration. 

DYNAMICIST. Advanced degree, ap- 
plied mathematics background, and ex- 
perience in missile stability analysis de- 
sirable. Work involves re-entry dynamics 
of advanced vehicles and dynamic analysis 
of space craft. 

ENGINEER or PHYSICIST. With ex- 
perience in the use of scientific instru- 
ments for making physical measurement. 
Work related to flight test and facility 
instrumentation. Advanced degree de- 
sired with minimum of 3 years of related 
experience. 


Qualified applicants are invited to send res- 
umes and inquiries to Mr. L. R. Stapel. 


AERONUTRONIC SYSTEMS, 
INC. 


a subsidiary of Ford Motor Company 


1234 Air Way, Bldg. 20, Glendale, Calif. 
CHapman 5-6651 
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VITRO’S weapon systems capability is dramatically demon- 
strated in the new Mark 39, a wire-guided torpedo which the 


water weapons. 


U. S. Navy has just added to our growing arsenal of under- 


Spider-like, the torpedo pays out a wire as it drives through 
the water. Over this wire combat crews send electrical signals 
that guide it to its target, regardless of course changes or other 

ca evasive actions. Swimming deep, Mark 39 leaves no telltale 
= wake, generates no pulsations for detection, relentlessly closes 

; on its target regardless of defensive maneuvers. 
The wire technology, the torpedo, and the fire control system 


were developed into a weapon system for the Navy by Vitro 
Laboratories, a division of Vitro Corporation of America. 
Complete weapon systems—for torpedoes, missiles, aircraft 


armament and acoustic detection devices—are taking shape at 
Vitro, one of America’s most advanced corporations. 


CORPORATION of AMERICA 


261 Madison Ave., New York 16, N. Y. 
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= Vitro makes tomorrow’s technology available today 


@ Research, development, weapon systems 
& Nuclear and process engineering, design 
“i>. Electronics development and production 
A Refinery engineering, design, construction 
Uranium mining, milling, and processing 
‘\. Thorium, rare earths, and heavy minerals 
= Recovery of rare metals and fine chemicals 
Aircraft components and ordnance systems 


=p Ceramic colors, pigments, and chemicals 


Power Sources 


(CONTINUED FROM PAGE 25) 


struction might be to use a flat Fresnel 
lens. One might also consider using 
mirrors to heat a working fluid (or 
solid-stage conversion device) for sub- 
sequent generation of electricity. The 
conversion would be essentially the 
same as for any heat source. 

As will be pointed out in discussing 
reactors, the weight of the conversion 
equipment and waste-heat radiator 
grossly predominates over that of the 
heat source, even including any re- 
quired shielding. As a result, the use 
of solar energy in this fashion to gen- 
erate large ainounts of electricity does 
not seem attractive compared with 
nuclear energy. For small require- 
ments, direct conversion through sili- 
con cells seems more attractive, at least 
for the time being. 


Quantum Operation a Limit 


Photochemical reactions, silicon 
solar “batteries,” and the like operate 
on a quantum principle. That is, they 
cannot usefully absorb quanta with 
wavelengths longer than a prescribed 
threshold value. Taking into account 
reflection, which lies between 30 and 
50 per cent for silicon, and other 
losses, the efficiency of a p-n silicon 
solar converter, of the form illustrated 
on page 25, should be about 12 per 
cent above the atmosphere. 

Current production cells, if care- 
fully selected, run near this figure, 
thus delivering about 135 watts per 
sq meter of exposed area. A_ bare 
single cell, on a weight basis, will de- 
liver about 30 watts /Ib in full sunlight. 
Current photochemical research indi- 
cates a performance of about 1 watt 
per gram of solution. Actual cell 
groups may deliver less than 3 watts / 
lb. Two of the prime difficulties with 
current cells are their small area and 
their poor performance at elevated 
temperatures, i.e., re-radiation of 
wasted energy must be from relatively 
cool (70 F) surfaces. The small area 
restriction comes from problems_ of 
internal resistance and the necessity 
of working with single crystals; grain 
boundaries tend to disrupt the p-n 
junction. Moreover, small individual 
cells are more difficult to support and 
connect together. Some way of con- 
structing a multi-crystalline, large-area 
converter would be a distinct advan- 
tage. There is report that this may 
have been accomplished by the Rus- 
sians. 

Better production techniques, how- 
ever, may eventually allow’ thinner 
and lighter cells, and we may also be 
able to utilize the fact that cells are 
transparent to wavelengths longer than 
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Nevertheless, the 
usefulness of solar batteries is at pres- 
ent limited to low-power applications, 
such as satellites. 

For most applications, man will have 
to take along his source of energy in 
the form of either a chemical system 


the cutoff value. 


or a nuclear device. As indicated in 
the table on page 25, a straight chemi- 
cal reaction cannot exceed the order 
of 1700 watt-hours/Ib. From the 
point of view of providing only elec- 
tricity, the limit is the lower “free en- 
ergy,” which for a hydrogen-oxygen 
battery reaction amounts to about 1400 
watt-hours/Ib. The theoretical up- 
per limits for most other battery types 
(silver-zinc systems, magnesium x m- 
dinitrobenzene, etc.) are less than this 
figure. Current hydrox fuel cells— 
battery-like devices in which one elec- 
trode acts chemically as if it were hy- 
drogen, while the other one acts like 
oxygen—can deliver about 300 watt- 
hours/Ib. Improvements may lead to 
1000 watt-hours/Ib; but, even at the 
limit of 1400 watt-hour/Ib, it is clear 
that any electrochemical system will 
have a very short lifetime. 

The future for chemical batteries 
lies in the field of energy storage for 
peak loads, dark periods in solar ap- 
plications, and the like, rather than as 
prime sources. For example, a zinc- 
silver battery may deliver 700 watts /Ib 
for periods of a minute or so. This 
probably exceeds the rating of even 
very high speed turbo-alternator units. 
Fuel cells may also have a future in 
space through solar decomposition of 
water to reverse the cycle. However, 
a space environment presents special 
challenges to battery systems, what- 
ever their use. Chemical batteries are 
sensitive to ambient temperature and 
usually must be kept warm; in a zero- 
gravity environment they should be 
able to absorb any gases formed dur- 
ing charging (venting may lead to 
electrolyte loss); they must have low 
internal losses to minimize heat-rejec- 
tion problems; and finally, operating 
in a zero-gravity environment, they 
must not impair performance through 
loss of natural convection in the elec- 
trolyte. 

We must therefore turn to some 
sort of nuclear power for a_ prime 
source of energy. Isotopes show some 
possibilities, as indicated by the table 
on page 25. Phenomenal watt-hour/ 
lb figures should be possible. For 
example, using polonium and thermo- 
couples, one reported “atomic battery” 
could deliver about 800 watt-hours / lb 
over the isotope half-life. More effi- 
cient and lighter conversion might 
easily result in 104 to 10° electrical 
watt-hours/lb. Moreover, some _ iso- 


topes present less of a radiation hazard 
than reactors; there is no critical mass 
types of 


requirement; and certain 


add 
subtract 


or multiply 
two signals 


... with CEC’s computing galvanometer 


Now all three basic computations can be performed 

by one galvanometer . . . two signals can be added, 
subtracted, or multiplied and the resultant recorded as 

an oscillographic trace. Ideal for low-level power 
measurements in electronic equipment, the 7-370 computes 
instantaneous watts (P = EI cos @). Its phase sensitivity 
enables the user to determine power factor, and it can also 
be used to record sum and difference frequencies. Basic 
construction consists of a center body housing the moving 
coil and mirror, with two outside bodies housing stationary 
field coils and a static reference mirror for marking zero. 
The 7-370 is compatible with any standard CEC Recording 
Oscillograph. For further information call your nearest CEC 
sales and service office, or write for Bulletin CEC 1605-X2. 


Transducer Division 


Consolidated 
Electrodynamics 


300 North Sierra Madre Villa, Pasadena, Califor 


RECOGNIZED LEADERS IN GALVANOMETERS « TELEMETRY 
PRESSURE AND VIBRATION INSTRUMENTATION 
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“atomic batteries” are quite insensitive 
to ambient temperatures while yielding 
a high voltage per single cell. A bat- 
tery of the latter type might operate 
on the direct conversion principle of 
collecting charged particles (protons 
or electrons emitted during the decay 
process) on a plate. The battery 
would require a vacuum in which to 
operate, which is readily available in 
space. 

One fact about isotopes, however, 
is often overlooked: There will prob- 
ably never be enough for any large- 
scale operation. For example, it is 
estimated that the total accumulated 
activity of Pm147 in the U.S. in 2000 
A.D. will be 5 x 10° curies, or only 
about 2 megawatts of thermal decay 
energy. Similar statements could be 
made about artificially produced iso- 
topes such as polonium. In fact, for 
this particular isotope, the backup 
power required in reactors per mega- 
watt of decay power in polonium 
amounts to about 38 mw. 

Furthermore, many isotopes, includ- 
ing polonium, are, if taken into the 
body, powerful poisons. This hazard 
is greatest, of course, when the isotope 
is fresh, and this corresponds with the 
launching event of a vehicle when the 
accident possibilities are highest. On 
the other hand, a nuclear reactor at 
startup has not yet generated many 
dangerous fission products and energy 
can be withdrawn at a controlled rate. 
These points, and particularly the first 
one, lead the author to question the 
use of isotope power supplies for other 
than very special purposes. 

Turning now to fission reactors, a 


possible weight breakdown might be 
as follows: Reactor, 50 lb per mega- 
watt of thermal power output; shield 
weight, 200 lb per megawatt of ther- 
mal power—assuming a crew dose 
rate of 5 rem/year, shadow shielding, 
a 2 ft diam spherical core and a 
separation distance of 200 ft. (Shield 
weight is approximately proportional 
to the square of the reactor radius. ) 
This amounts to 250 Ib/mw of power, 
compared with perhaps 10 lb per mw 
of jet power from a chemical rocket 
engine. And, of course, a nuclear 
rocket might involve a less compact 
reactor. Nevertheless, nuclear rockets 
should eventually be-able to provide 
specific impulses beyond the reach of 
chemical rockets while maintaining 
comparable accelerations. 


Convert Fusion to Electrical Energy 


The energy of a fusion reactor will 
have to be converted to electrical en- 
ergy if we wish to power communica- 
tions equipment or use plasma or ion 
rockets. | Conventional conversion 
equipment (turbo-alternator) and a 
radiator (even operating at 1200 F) 
will bring the performance down to 
around 8 tons per mw of electrical 
power output. This very heavy weight 
penalty limits electrical propulsion 
systems yielding specific impulses of 
the order of 104 to 10® sec to nearly 
infinitesimal accelerations—10~* to 10° 
gs. To feed such electrical propul- 
sion systems, we must have conver- 
sion equipment several orders of mag- 
nitude lighter than anything currently 


Cabin for 
Space Men 


This mock-up B-36 bomber housed five AF officers who 
successfully carried out a simulated five-day space flight 
recently. Movie and TV cameras atop dome checked their 
every movement; control panels (bottom left) were con- 


stantly watched during the experiment. 
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available. Furthermore, this equip- 
ment should preferably have no mov- 
ing parts for high reliability and op- 
erate at high efficiencies and very high 
temperatures to minimize heat-rejec- 
tion problems. Direct conversion de- 
vices currently available, such as 
thermocouples, cannot yet fulfill these 
goals. 

Incidentally, corresponding to each 
energy source, there is a maximum 
specific impulse attainable when one 
correctly counts consumption of fuel 
and working fluid (jet material). A 
fission reactor burning 100 per cent 
of its fuel with 10 per cent conversion 
to useful jet power could give at the 
most specific impulse of 2.1 x 10° sec, 
corresponding to a jet velocity of 4.2 
x 106 meters/sec. Photon rockets are 
sensible only if we can engineer com- 
plete annihilation of mass as an en- 
ergy source. 

Fusion and fission reactors offer 
some interesting magnetohydrody- 
namic energy-conversion possibilities, 
but it appears so far that these reac- 
tors may be large and bulky. 

One can, however, conclude on a 
hopeful note. For  short-duration 
power, chemical energy sources are 
adaptable to space vehicles. Solar bat- 
teries and isotope units can expand 
our capabilities under some circum- 
stances, although we still have a very 
long way to go before we can supply 
large blocks of electrical energy with- 
out massive equipment. Moreover, 
our comparison here of thermocouples, 
silicon-cell solar batteries and conven- 
tional conversion equipment may be 
changed in the future. 

Certain oxidic materials, such as fer- 
rites and titanates, may exhibit desir- 
able thermoelectric properties at tem- 
peratures as high as 600-1000 C. If 
such mechanical difficulties as joining 
techniques can be overcome at these 
high temperatures, ceramic units may 
deliver 10 per cent and higher efficien- 
cies. And, of course, the overall 
weights of power systems will be quite 
favorably affected by the operation of 
these units at high temperature. An- 
other omen of better things to come 
is the development of high-efficiency 
thermionic converters, which also op- 
erate at high temperatures. 


Synodic Satellites 
(CONTINUED FROM PAGE 29) 


velocity, completing one revolution in 
one lunar month. The only inertia 
forces to be accounted for, then, are 
the centrifugal forces apparently tend- 
ing to pull each of the bodies away 
from the barycenter, balanced by the 
radially centripetal components of 
their mutual gravitational attraction. 


STRAIGHT TALK TO ENGINEERS 


from Donald W. Douglas, Jr. 


President, Douglas Aircraft Company 


In your field, as most of you well know, it’s easy 
to be complicated... it’s hard to be simple. At 
Douglas, I’m happy to say, we do things the 
“hard” way. This matter of simplicity is vitally 
important. We work intensive hours, days and 
months to achieve it. 

Why this extra effort? Well, simple things work 
easier, last longer, are more easily maintained 
and are lots more reliable. We are rewarded for 
our greater engineering effort with a product 


that performs better for our various customers. 

We know that good engineers, working in an 
atmosphere which stimulates them to do their 
best, have been largely responsible for our suc- 
cess. If you enjoy solving challenging problems in 
the simplest manner, we’d like to talk with you 
about joining us. 

Please write to Mr. C. C. LaVene 
Douglas Aircraft Company, Box l-620 
Santa Monica, California 
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actual size 


The “E” construction of AMPHENOL’s miniature, multi-con- 
tact electrical connectors pass a tough, new altitude-mois- 
ture resistance test which accurately simulates perform- 
ance conditions in new aircraft and missiles. Connectors 


sure. Cycle lasts one hour; test is comprised of ten cycles. 
At the end of the test AMPHENOL MINNI E’s have a minimum 
insulation resistance of 1000 megohms, approximately ten 
times greater than that acceptable under MIL-C-5015C 
after moisture. 


MINNI E’s have stainless steel bayonet slots and pins, pro- 
viding greater durability and eliminating the wear en- 
countered with “hardcoat” and similar surface treatments 
of softer base metals. 


Both #16 and #20 size socket contacts in MINNI E connec- 
tors resist test prod damage. The entering end of the socket 


trance of a pin .005” larger than the diameter of the mat- 
ing male contact. 


AMPHENOL’s Authorized Industrial Distributors 
stock MINNIE and other standard components, 
provide immediate service. 


AMPHENOL ELECTRONICS CORPORATION 


chicago 50, illinois 


It is therefore interesting to consider 
separately the equilibria of the radial 
and of the circumferential components 
of these forces. 

The geometry of the general situa- 
tion is illustrated on page 29 in which 
the moon-earth distance is assigned 
the value of unity, so that all other 
distances are expressed in nondimen- 


_ sional terms of fractions or multiples 


of it. It will be noted that in this 
nomenclature the relative distances of 


_moon and earth from the barycenter 


complement each other to 1, and that 
their ratio A/e is equal to the mass 
ratio of earth to moon, which is about 
81.3. The barycenter is located at a 


| point about 73 per cent of the earth’s 
| radius from the earth center. 


If we first consider the circumfer- 


ential equilibrium, the sine compo- 
| nents of the two Newtonian attractions 


must balance, there being no compo- 


/nent of centrifugal force. Hence 


A(sin x) = e(sin One locus 
is, of course, the line of connection of 
moon and earth on which there are 


no transverse forces and the above 


_ equation is 0 = 0 because the angles 


has a one-piece stainless steel hood that excludes the en- | 


are zero or 180 deg. 

However, for an asymmetric posi- 
tion, where this is not the case, the 
law of sines says that the numerators 
above are equal to ¢/y and X/€ re- 
spectively, so that » = ¢ is another 
solution which means that the bisecant 
of the earth-moon line is a locus for 


are submerged in salt water and altitude-cycled to 80,000 | the eccentric positions of equilibrium. 


ft., to 65,000 ft. and then returned to room ambient pres- | 


The radial equilibrium of the forces 
(per unit mass) is expressed by equat- 
ing the sum of the cosine components 
of the two attractions to the centrif- 
ugal force, viz.: A(cos x) + €(cos 
x)/@ = p. Three more relations can 
be readily gleaned from the figure on 
page 29, namely for the cosines of the 
two angles occurring at the satellite 
and for the square of its radius vector. 
Inserting them in the above equation 
vields an equation between the two 
distances from earth and moon, y, and 
¢, which contains powers up to the 


| fifth: 


9 9 


] men 


The locus of all points compatible 
with this equation is a curve whose 
main branch departs but little from 
the lunar orbit path except where it 
bulges out to loop around the moon, 
while another short loop swings inside 
from the moon center, as shown in the 
illustration on page 29. 

The only places where the satellite 
could be in omnidirectional equilib- 
rium, and hence capable of following 
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Absolute tight shut-off 
reliability 
safety + long life 


Absolute shut-off 
dependability and 
safety is assured 
with ANNICO 
TEFSEAL SEATS, 
proven in severe 
fuel, chemical and 
gas services at 
pressures to 


10,000 psi. 


...0n a 
test stand 


ANNIN...most widely used 


remote shut-off valves for 
control of liquid propellants 


ANNIN’s ten years of experience in the design and development 

of valves for rocket and missile ground installations has resulted 
in a new valve concept which has been proven-in-service for 
remote, manual and throttling applications. ANNIN’s complete 
line is now available for pressures to 10,000 psi and temperatures 
from —400°F to 1600°F. Write for catalog 1500-C containing data 
on ANNIN valve bodies, operators and special design features. 


THE ANNIN COMPANY 

DIVISION OF THE ANNIN CORPORATION 

6570 Telegraph Road, Los Angeles 22, California 
VALVES 
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PE: ACE: 


More than sixty Los Alamos scientists were 
invited to Switzerland by the United Nations 
to participate in the 1958 International Con- 
ference on Peaceful Uses of Atomic Energy. 
Five major experimental devices, designed 
at Los Alamos, were set up at Geneva and 


exhibited in operation. 


This international prestige of the Los Ala- 
amos Scientific Laboratory has been well 
earned by the members of its staff, an in- 
formal and creative community of scien- 


tists and engineers. 


A limited number of vacancies exist for 
highly qualified applicants in the fields of 
physics, chemistry, mathematics, electron- 
ics, and engineering. Further information 
may be obtained by writing to 


Personnel Director 
Division 58-1 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 


LOS ALAMOS, NEW MEXICO 


Los Alamos Scientific Laboratory {is a non-civil 
service operation of the University of California 
for the U. S. Atomic Energy Commission. 
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the constellation constantly, are those 
where both conditions are fulfilled, 
i.e., where the closed curves cross the 
dot-dashed axes on the illustration. 
These are the five Lagrangian points 
marked S,, So, Ss, Sy, and S;. Their 
astronomical constellation names, their 
computed coordinates as distances 
from earth (»), moon (£) and bary- 
center (p), all referred to unit moon- 
earth distance, and their bearing 
angle (@) from the earth against the 
moon are listed in the table on page 
29. 

Some day it might also become of 
interest to navigate a space vehicle into 
a position where it can remain in a 
fixed constellation with respect to earth 
and sun. Again there will be—aside 
from perturbations—five equilibrium 
positions. Three of these, the sextiles 
and the opposition, would be two and 
six months, respectively, ahead or be- 
hind the earth in its annual orbit 
around the sun, practically at the same 
distance from sun as from the earth. 
The other two are the superior and 
inferior conjunctions, which are both 
located very close to 1 per cent of 
the sun’s mean distance from the 
center of the earth—approximately 1.5 
million km, assuming a mass ratio of 
earth to sun of 3 to 1 million. 

In general, all five possible con- 
stellations are kinematically unstable. 
However, Routh has shown that the 
sextile is stable for mass ratios smaller 
than 1:25. In the conjunction con- 
stellations (the only ones where the 
Moon is close enough to exert a re- 
storing influence which could be per- 
ceptible as a small periodic oscillation 
superimposed upon the selenoid orbit 
motion), the frequency of such oscil- 
lation is slightly slower than two per 
lunar month in the superior conjunc- 
tion, and slightly faster than two in 
the inferior conjunction. 

It is noteworthy that, in any of the 
libration constellations, the equilibrium 
is much less precarious in the circum- 
ferential than in the radial direction. 
In fact, anywhere in the arc of the 
locus of radial equilibrium between 
the sextile and opposition positions, 
the moon’s influence is so weak that 
an error in bearing would create only 
a very slow departure from the initial 
constellation. 

For instance, in a position of quad- 
rature, i.e., at 90 deg from the moon, 
the peripheral pull component of the 
moon would be only of the order of 
a millionth of 1 g. Hence, it may be 
possible to counteract it for an appre- 
ciable period by the thrust of a very 
weak gas jet, after the manner of a 
satelloid. Similar thrust corrections 
may be considered to offset perturba- 
tions due to other astral bodies, notably 
the sun. 


How National Northern assures 
dependability in high altitude performance 
of ignition devices, pyrotechnics, 

and explosive components. 


As depicted here by the artist, National Northern technical experts prepare their high altitude 
test chamber built in cooperation with the U.S. Navy, for surveillance studies to determine how 
extremes of temperature and pressure affect the performance of explosive charges. Through 
exhaustive environmental tests like these, National Northern Division of American Potash & 
Chemical Corporation can assure you of “‘built-in reliability’ for the vital performance of pro- 
pellants for rockets and missiles, explosives, pyrotechnics, detonators, igniters, squibs, gas 
generators, fuses, and related items. Years of experience in research, development, and 
production of literally thousands of these components for leading defense and commercial 
customers is the reason why National Northern should be your first choice for a solution 
to your problems in the design and production of packaged pyrotechnic and explosive com- 
ponents. Write today for your copies of National Northern’s current technical bulletins and 
facilities brochure—‘‘Missile and Rocket Power Technology.’’ Address National Northern Divi- 
sion, American Potash & Chemical Corporation, P.O. Box 175, West Hanover, Massachusetts. 


NATIONAL NORTHERN DIVISION te 


research and produc tion con- 
tracts in the areas listed below, 
dL» American Potash & Chemical Corporation 
West Hanover, Massachusetts 


Executive Office: 3000 WEST SIXTH STREET, LOS ANGELES 54, CALIFORNIA © 99 Park Avenue, New York 16, New York 
LOS ANGELES, NEW YORK, CHICAGO, SAN FRANCISCO, PORTLAND, (ORE.), ATLANTA, COLUMBUS (0.), SHREVEPORT 


National Northern's current fields of activity: 
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THE OFFNER ALL 


...@ direct-writing oscillograph with unmatched 
features of superiority! 


High Sensitivity: | microvolt d-c per mm 

High Frequency Response: 0-150 cps —+ 10% 
Large Linear Deflection: over 6 cm —!4% linearity 
Wide Ambient Range: — 20°C to 
Versatile: d-c, a-c, carrier, all with one set of amplifiers 


DYNOGRAPH 


50°C 


Convenient: Plug-in input couplers for all bridge balancing 


Stable: Drift—1 uv per hour at maximum sensitivity 


Recording Media Readily Interchangeable: Heat, Elec- 
tric, Ink; Rectilinear, Curvilinear 


Compact: Eight channels in only 33/4” of rack space 


OFFNER ELECTRONICS INC. 


Whatever your requirements for direct- 
writing oscillographic recording ... investi- 
gate the ability of the Offner Type R 
Dynograph to do the job better and more 


simply. Write on your company letterhead 
for descriptive literature and complete 


3934 River Road, Schiller Park, Ill. (suburb of Chicago) 


Boeing’s Mars Probe 


Boeing engineers Henry Hebeler (sit- 
ting) and Richard White look at ! /.,- 
scale model representing their ad- 
vanced engineering study of un- 
manned Mars probe. 


Scouting Venus or Mars with an 
unmanned space vehicle may prove 
the most practical and immediately 
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informative space venture — once 
manned satellites orbit the earth. Boe- 
ing recently showed this 1/9-scale 
model of an unmanned Mars probe, 
which would be assembled on and 
launched from a satellite. 

The disk-shaped vehicle, some 40 
ft wide but weighing only 600 Ib in 
full scale, would be propelled by an 
ion engine and would have its mov- 
ing parts powered by solar batteries. 
It would be constructed largely of 
beryllium, steel wire and honeycomb 
sandwich, and would carry, among 
other instruments, radio-noise 
scanner, cosmic ray and meteoroid 
counters, a radio altimeter and a track- 
ing telescope with associated television 
and transmitting equipment. 

Off for a three-year trip, the vehicle, 
guided by a programmed electronic 
“memory” taking corrections from an 
optical star-tracking system, would 
follow an Earth-Mars transfer orbit, 
circle Mars at an altitude of about 
9000 miles, and then return to earth 
through another transfer orbit. 

Boeing views the vehicle as an ex- 
ample of a rational engineering ap- 
proach to advanced thinking on space 
ships, and does not intend to construct 
a full-scale vehicle now. 


specifications. 


Space Technology Series 
To Be Offered by ARS-IRE 


A series of six lectures on space 
technology to be given by prominent 
scientists in the field will be presented 
on successive Thursdays, 7:30 p.m., 
beginning Oct. 16, at the Garden 
City High School, Garden City, N. Y., 
by the N. Y. section of ARS and the 
Long Island section of IRE. 

Featured topics and speakers are: 
Oct. 16, “Why Space Research,” Her- 
bert York, ARPA Chief Scientist; Oct. 
23, “Space Propulsion,” Martin Sum- 
merfield, Prof. of Aeronautical Engi- 
neering, Princeton Univ., and Editor 
of Jer Proputston; Oct. 30, “Space 
Communications Propagation,” 
Joseph Vogelman, Director of Com- 
munications Lab, Rome ADC; Nov. 6, 
“Physics of Upper Atmosphere.” 
Homer E. Newell, NRL; Nov. 13, 
“Trajectories of Space Vehicles,” Rob- 
ert M. L. Baker, Senior Scientist, Aero- 
nutronics; Nov. 20, “Space Guidance,” 
Charles D. Bock, Chief, technical staff, 
Arma Div. of American Bosch Arma. 

Fee for the series to ARS and IRE 
members is $4; nonmembers, $6. 
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... speaking of 


Missile Ground Support {| MOBILITY } 


U.S.ARMY 


FMC has designed and produced more military-standardized 
tracked vehicles than any other company in America. So, 
when Northrop Aircraft, Inc., subcontractor to Raytheon 
Manufacturing Company on the Army’s new HAWK weapon 
system, needed a rugged mobile transporter-erector, they 
came to FMC. The vehicle had to be capable of operating in 
rough terrain, powerful enough to transport thre HAWK 
missiles, and light enough to be air lifted by helicopter. 
Northrop and FMC engineers worked out the design concept, 
FMC engineered and built the vehicle portion of the unit; 
and today this speedy carrier is in production at FMC as 
part of the Army’s HAWK weapon system. 


With more than 17 years’ experience in the design and 
production of military equipment, FMC is prepared to handle 
your missile ground support equipment project — from con- 
cept to delivery — on schedule. Consult FMC at the initial 
stage of project planning. Contact us for more information. 


Creative Engineers: Find stimulating challenge at FMC’s Ordnance Division 


Putting 


FMC’S PROFILE 
OF EXPERIENCE: 


Prime Movers 


Launcher-Erectors 
& Power Units 
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to Work 


Multi-Purpose Vehicles 


a= 


Shipping & Storage 
Containers 


Propellant Handling 
Systems 


FOOD MACHINERY AND CHEMICAL CORPORATION 
Ordnance Division 


Missile Equipment Section 2-G 
CORPORATION 1105 COLEMAN AVENUE, SAN JOSE, CALIF. 
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People in the news 


APPOINTMENTS 


President Eisenhower has nomi- 
nated Lt. Gen. James H. Doolittle 
(AF-Ret.), chairman of the AF Sci- 
entific Advisory Board; Alan T. Wa- 
terman, director of the National Sci- 
ence Foundation; Detley W. Bronk, 
president of the National Academy of 
Sciences; and William A. M. Burden, 
former assistant secretary of com- 
merce, to serve on the new _ nine- 
member NASA council. 


Gen. Doolittle has also been made 
board chairman, effective Jan. 1, 1959, 
of Space Technology Labs, a division 
of Ramo-Wooldridge slated to become 
a separate corporation on that date. 
Simon Ramo, present president of 
STL, will shortly return to his previ- 
ous position as executive vice-presi- 
dent of R-W, and will be succeeded 
by Louis Dunn, current executive vice- 
president and general manager of 
STL. 


Chance Vought has set up a new 
Dyna-Soar weapons system section and 
appointed E. V. Marshall, former chief 
of advanced aircraft section of ad- 
vanced weapons engineering, to direct 
activities as engineering weapon sys- 
tems manager. W. B. Briggs and J. 
H. Boucher have been named weapons 
system project engineers in the sec- 
tion, while M. L. Chandler becomes 
programs administrator, Dyna-Soar 
R&D and Marvin G. Starr, chief, cus- 
tomer liaison. James F. Reagan has 
been appointed chief engineer, elec- 
tronics, of the newly established Elec- 
tronics Dept. 


Reagan 


Hayes 


Warren B. Hayes has been elected 
vice-president, Pacific Semiconductors, 
and will continue to direct its Engi- 
neering, Manufacturing Sales 
Dept. 


Thiokol Chemical has announced 
the following appointments in the 
Rocket Engineering Dept. of its Long- 
horn Div.: John H. Sims, former chief 
product engineer, to chief engineer in 
charge of the Dept.; John T. Kerr, 
former project engineer, to chief prod- 
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uct engineer, Projects Div.; Raymond 
A. McElvogue, former chief engineer, 
to propellant plant manager, Produc- 
tion Dept. and Production Planning 
Div. H. C. Havron, former produc- 
tion planning supervisor and _ chief, 
quality control, Propellant Plant, has 
been named chief of the new Quality 


Sims Kerr 


Havron 


Control Dept. Harris D. Gilbert, 
supervisor of contract negotiations, 
has been promoted to manager of con- 
tracts, Reaction Motors Div., and Rich- 
ard P. Frazee, to director of sales and 
service. 


McElvogue 


Jesse Y. Bowman has been named 
project manager for the AF Minute- 
man’s guidance and control system, at 
North American Aviation’s Autonetics 
Div., and R. M. Osborn, former chief 
of the components engineering section, 
Guidance Engineering Dept., becomes 
project engineer. David L. Weeks, 
former project engineer, flight control 
projects, is now project engineer, 
Autonetics’ Dyna-Soar program. 

Chester A. Hill has been elected 
vice-president-assistant treasurer, Aero- 
jet-General while Levering E. Taylor 
has been named resident contracting 
officer, Los Angeles Air Procurement 
District. R. L. Lobo has been made 
resident field service representative in 
charge of Thor-Able operations under 
the cognizance of Aerojet at Douglas’ 
Tulsa plant. 

Howard M. McCoy has been named 
assistant to executive vice-president, 
Robert L. Earle, Marquardt Aircraft 
Co. 

T. A. Wilson, will head Boeing's 
newly formed Advanced Project Pro- 


posal Team in the company’s System 
Management Office. He will be as- 
sisted by D. E. Graves and J. W. 
Nealon. Ben F. Werner has been ap- 
pointed manager, weapon system sup- 
port management branch. 


A. C. Ducati has been named vice- 
president, development engineering, 
Giannini Plasmadyne Corp. 


Walter R. Woodward, former chief 
engineer, Dynametrics Corp., has been 
upped to director of engineering. 


Jonathan E. Boretz, former senior 
project engineer, Fairchild’s Stratos 
Div., has been appointed principle 
engineer in charge of the development 
unit, Propulsion Section, at Martin 
Co.’s Denver Div. 


Walter Krug has been appointed 
chief manufacturing engineer, Re- 
public Aviation Corp. 


Charles F. Robinson and Leland G. 
Cole, have been appointed chief re- 
search physicist and chemist, respec- 
tively, at Consolidated Electrody- 
namics Corp. Clifford E. Berry, as- 
sistant director of research, has been 
elected chairman of the Gordon Re- 
search Conference on Instrumentation 
for 1959. 


Robert R. Miller and Thomas V. 
Jones have been appointed — senior 
vice-presidents of Northrop Aviation. 
Miller was formerly corporate  vice- 
president and general manager, Nor- 
throp Div., and Jones, corporate vice- 
president, development _ planning. 


Richard R. Nolan and Irving Roth 
have been elected corporate vice- 
presidents. Nolan also has been made 
general manager of the Northrop Div. 


Halpin Ryker 

Gerald T. Halpin, Atlantic Research 
Corp., has been elected a vice-presi- 
dent, and will continue as manager of 
operations. 


H. E. Ryker has been promoted to 
the new post of vice-president, opera- 
tions, Ryan Aeronautical. for- 
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merly was assistant to executive vice- 
president, G. C. Woodard. 


William M. Lee, Pennsalt Chemi- 
cals has been appointed assistant to 
the vice-president and technical direc- 
tor, W. A. LaLande. 


A. J. Toering, has been named 
manager of the new Defense Products 


Dept., Callery Chemical Co. 


Toering Bobrick 

Frank Bobrick, has been appointed 
chief engineer at Wells Industries 
Corp. 


Rear Adm. Earl E. Stone (USN- 
Ret.), former superintendent, Naval 
Postgraduate School, Monterey, Calif., 
becomes a director of Holex Inc. 


John A. Rhoads has joined Packard- 
Bell Electronics Corp. as director of 
engineering, Technical Products Div. 


In a_ realignment of executive 
personnel at Minneapolis-Honeywell 
Regulator’s Industrial Products Group, 
George M. Muschamp becomes group 
vice-president, engineering; O. B. Wil- 
son, vice-president, marketing; and 
John M. Wilson, director, engineering. 


John F. Murray, has been appointed 
chief product engineer, Pesco Products 
and Wooster Div. of Borg-Warner. 
Anthony Kreslik has been named 
rotating equipment project engineer 
for Pesco Western Branch. 


William J. Pietenpol has been ap- 
pointed vice-president general 
manager of Sylvania’s Semiconductor 
Div. Jerome R. Steen, former man- 
ager of the division, becomes engi- 
neering reliability specialist for the 
Ballistic Missile Early Warning System 
Program of Sylvania Electronic Sys- 
tems, white Robert F. Schulz, be- 
comes manager, Reconnaissance Sys- 
tems Lab, succeeding Walter Serniuk, 
who has been made manager of the 
division’s Amherst Engineering Lab. 
Gerald C. Rich replaces Schulz as 
manager of projects engineering. 


Wallace E. Rianda, has been made 
vice-president and general manager of 
Epsco’s new West Coast division, 
Epsco-West. William F. Gunning has 
been named technical director, and 
Ralph McCurdy, to head production. 


D. C. Duncan, former general man- 
ager, Beckman Instruments, Helipot 
Div., has been appointed director of 
contract sales for the company. 


C. Burke Miles, former director of 
research, Westvaco Mineral Products 
Div., has been named assistant re- 
search director, Inorganic Chemicals 
R&D Dept., Food Machinery and 
Chemical Corp. Robert L. McEwen, 
former manager, Central Development 
Dept., becomes manager of develop- 
ment, and Fred R. Sheldon, general 
manager of the application section in 
the department. 


Frank H. Erdman, has been named 
president, Kett Technical Center, Inc., 
R&D center of U. S. Industries, Inc. 


Robert Erickson, president and 
director of Heath Co., has been named 
executive vice-president, Beckman In- 
struments. William W. Wright has 
joined the company as vice-president, 
finance. 


Vitali 


Francis 


Harold E. Francis, former senior 
staff engineer, Chandler-Evans, has 
been named chief project engineer, 
and Ercole J. Vitali, former assistant 
chief engineer, has been made man- 
ager, Engineering Test and Experi- 
mental Depts. 


Bruce L. Mims, former chief engi- 
neer, Barden Corp., has been elected 
vice-president of engineering. 


Howard D. Weissman, has been ap- 
pointed manager of contract proce- 
dures and analysis for the military 
operations at Allen B. DuMont Labs. 


Kenneth P. Bowen, former vice- 
president, manufacturing and materiel, 
Northrop Aircraft, has joined The 
Sierracin Corp. as assistant to general 
manager C. Hart Miller. 


Recently formed Systems Tech- 
nology Inc. has appointed D. T. Me- 
Ruer and I. L. Ashkenas as its presi- 
dent and vice-president, respectively. 


Homer Austin has been appointed 
field engineer of the new Ft. Worth- 
Dallas Field Engineering Office of 
Whittaker Controls Div., Telecomput- 
ing Corp. 


James S. Murray, former vice-presi- 
dent, Lindsay Chemical Div. of Ameri- 
can Potash & Chemical, has been ap- 
pointed director of the company’s 
Washington, D. C. office, replacing 
Herbert W. Yeagley, who has been 
appointed director of defense pro- 
grams. Theodore A. Jonas will assist 
Murray. 


HONORS 


John Francis Victory, has received 
NACA’s highest award, its Distin- 
guished Service Medal, for his contri- 
butions to aeronautics. Dr. Victory, 
whose civil service career spans al- 
most half a century, was NACA’s first 
employee. 


Marvin Hobbs, consultant to Stew- 
art-Warner Electronics, received a dis- 
tinguished service award In- 
diana’s_ Tri-State College and _ its 
alumni association for his contributions 
to the defense effort. 


Erwin Loewy, director of Baldwin- 
Lima-Hamilton Corp., has been 
awarded the AF Scroll of Appreciation 
for his role in convincing the govern- 
ment of the importance of extrusion 
press installations for the aircraft in- 
dustry. 


DEATHS 


William Frederick Durand, pioneer 
in American aviation and a past presi- 
dent and honorary member of ASME, 
died Aug. 9 at the age of 99. He was 
born in Beacon Falls, Conn.; was 
graduated with honors from Anna- 
polis in 1880, and, after leaving the 
service, received a Ph.D. from Lafa- 
yette College. Dr. Durand was an 
early and important contributor to 
hydrodynamic and aerodynamic. sci- 
ence. Among many and diverse ac- 
tivities in a long and distinguished 
career, he was one of NACA’s original 
12 members and was chairman part 
of his 23 years as a member; the first 
American to deliver the Wilbur Wright 
lecture before the Royal Aeronautical 
Society of Great Britain; editor and 
contributor to a major work on the 
motion of gases, Aerodynamic Theory; 
president of ASME in 1924; and chair- 
man of the Engineering Division of 
the National Research Council in the 
early years of WW IL. Besides being 
elected an honorary member of ASME 
in 1934, he received the Guggenheim 
and John Fritz medals in 1935; the 
John J. Carty Gold Medal in 1944; 
and the ASME Medal in 1945. Dr. 
Durand was also the first recipient of 
the Wright Brothers Memorial Trophy, 
which is awarded by the National 
Aeronautical Association for “signifi- 
cant public service of enduring value 
to aviation in the United States.” 
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In print 


Spacepower, What It Means to You, 
by Donald Cox and Michael Stoiko, 
The John C. Winston Company, 
Philadelphia, 262 pp., illustrated by 
N. Stanilla. $4.50. 


This is a book about rockets and 
space flight for general readers who 
want to know what is going on in this 
field—how it began, the present state 
of the art and where it is likely to take 
us. It is written in brisk, nontechnical 
style, and is well illustrated with strik- 
ing color plates and black and white 
drawings. 

The authors are both men of experi- 
ence in the field, and know what they 
are talking about. Mr. Stoiko has been 
engaged in rocketry and aviation for 
more than 20 years, was associated 
with Project Hermes, participated in 
the White Sands Proving Grounds fir- 
ing of Viking 11 and is co-author of 
a text on rocket propulsion. Dr. Cox 
was professor of education at the Univ. 
of Alabama, and for five years was 
educational adviser to the Command- 
ant of the Air Command and Staff 
College in Montgomery, Ala. He is 
the author of numerous articles on 
space law, air power and aviation edu- 
cation. —G.E.P. 


Space Flight: Satellites, Spaceships, 
Space Stations, and Space Travel 
Explained, by Carsbie C. Adams, 
McGraw-Hill Book Co., New York, 
373 pp., illustrated. $6.50. 


Beginning with an admirable fore- 


Magnetohydrodynamics 


(CONTINUED FROM PAGE 20) 


A coil imposes an additional magnetic 
field in the axial direction, which as- 
sists in obtaining uniformity of the 
initial gas breakdown and holds the 
ionized gas away from the coaxial 
cylinder walls during acceleration. 

Consequently, a small amount of 
matter (the mass of the low-pressure 
gas) has been accelerated to a high 
velocity. This cycle is repeated, pro- 
ducing a rapidly pulsing jet of high- 
velocity gas. 

Several designs of experimental 
pulsed electromagnetic accelerators, or 
“magnetic engines,” have been con- 
structed and tested at ARL. Gases 
used have included hydrogen and 
deuterium, and exhaust velocities as 
high as 500,000 mph have been ob- 
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word by Wernher Von Braun, this 
well-written, brisk and informative 
yok by the president of the National 
Research and Development Corp. 
ambitiously undertakes to survey the 
entire field of rocketry and space 
flight—past, present and future. And, 
considering the breadth of the job the 
author has undertaken to do, it comes 
out as a very high-level performance 
indeed. As they say of TV Westerns 
these days, this is an adult space book. 
Mr. Adams begins with the history 
of astronautics, takes up the develop- 
ment and operation of the rocket, pro- 
vides a useful summary of the theory 
of rocket propulsion, surveys satellites 
and space stations, space ships, space 
journeys, the architecture of the uni- 
verse, human factors in space flight, 
communications in space, space navi- 
gation and even the possibilities and 
problems of interstellar flight. In a 
final paragraph, he undertakes to out- 
line the position of man in his universe, 
and to explain the drive behind the 
space flight idea in terms of basic 
biological and psychological motives. 
In so panoramic a work, a reviewer 
could readily point out some errors 
and omissions. Also, one or two 
chapters of the book contain some 
hard reading. But these are minor 
matters, and this volume is one in the 
growing popular semi-popular 
literature of astronautics that is well 
worth owning. It is crammed with so 
many useful facts that, after the first 
pleasure of reading it entire has 
passed, it makes a most useful book 


to keep handy on the reference shelf. 
In addition to the well-chosen informa- 
tion in the text, there is a valuable 
bibliography at the end of each 
chapter for further reading and reter- 
ence. 

Mr. Adams for the most part devotes 
himself to reporting and explaining the 
ideas, philosophy and accomplishments 
of others, but does so in such a way as 
to give new insights into many older 
ideas and point out new uses and 
applications for many — suggestions 
made by others. 

One idea he does develop to a 
degree which makes it virtually his 
own deals with possible uses of the 
“Trojan points” in planetary orbits— 
those theoretically stable satellite posi- 
tions fore and aft of a planet in its 
orbit, located at such distances that 
lines drawn through the centers of the 
satellite, planet and sun would form 
an equilaterial triangle. 

If occupied by artificial satellites, 
these stable orbital positions, the ex- 
istence of which is based on a hypo- 
thesis propounded about 1760 by 
Lecompte de Lagrange, could make 
communications throughout the solar 
system possible, Mr. Adams believes— 
even between planets in such parts of 
their respective orbits as to lie on op- 
posite sides of the sun. Thus the 
Trojan points could be used, in the 
interplanetary traffic of the future, to 
“see around the corner” of the sun 
or any other body in the planetary 
system. 


—G.E.P. 


tained. This is equivalent to a specific 
impulse of approximately 23,000, 
about 100 times higher than the ex- 
haust velocity of conventional chem- 
ically fueled rocket motors. 

Because of the low thrust inherent in 
all known electrical propulsion sys- 
tems, a motor of this type would not 
have application where high accelera- 
tion (~!/, g, or greater) is required, 
as in takeoff from earth to a satellite 
orbit. In space, however, there are a 
number of possible applications where 
very small accelerations (~1/y 
'/10,.000 &) applied over a long period 
of time are satisfactory. 

For example, at low satellite orbits, 
in the neighborhood of 100 to 110 
miles, only a small amount of thrust is 
necessary to offset the residual atmos- 
pheric drag and maintain a constant 
orbital altitude. Also, a low-thrust 
engine might be used to move from 
one orbital altitude to another or to 


change the shape of the orbit. By 
continuous application of thrust, even 
small acceleration gives rise to large 
changes in velocity over a period of 
time. Such an electric accelerator 
could also be used for propulsion of 
space vehicles from earth satellite 
orbits to the moon or planets. 

So far, only the propulsion device 
itself has been discussed. In a practi- 
cal system, a source of electrical power 
would be required. This could be 
supplied by a turboelectric generator 
utilizing a heat source of either a 
nuclear fission pile or a solar heated 
steam system. A solar battery, thermo- 
pile or thermionic emitters might also 
be used. In addition, a supply of 


working gas is necessary to provide the 
mass to be accelerated and ejected by 
the pulsating magnetic field. The gas 
might be hydrogen, 
lithium vapor. 

The specific impulse produced by 


ammonia, or 


the 
bel 
an 
ea 
ho 
an 
ve 
an 
su 
mé 
ne 
io! 
ele 
ch 
ca 
Fi 
ne 
sn 
fa 
pt 
hi 
er 
of 
Cé 
el 
il 
e 
il 
st 
re 
il 
u 
il 
i 
f 
| 
t 
( 
| 


the magnetic engine lies in the range 
between the best chemical rockets and 
an ion rocket system. In ion propul- 
sion, metal vapors such as cesium are 
easily ionized by simple contact with 
hot tungsten and then accelerated by 
an electrostatic field to a high exhaust 
velocity. 

The Avco designed magnetic engine 
and the ion rocket require a power 
supply of similar proportions. The 
main distinguishing feature of the mag- 
netic engine, as compared with the 
ion rocket, is that the material is 
electrically neutral in the propulsion 
chamber and thus is not limited by so- 
called “space charge” considerations. 
From a design standpoint, the mag- 
netic accelerator would have a much 
smaller size than the ion rocket. This 
fact is important in comparing overall 
powerplant weights of the two systems. 
In addition, the ARL magnetic accel- 
erator can operate over a wider range 
of specific impulse ranging from chemi- 
cal rockets to that of the ion rocket. 

In our progress toward making 
manned space flight a reality, safe re- 
entry is a problem. A vehicle travel- 
ing at satellite velocity possesses tre- 
mendous kinetic energy and upon re- 
entry, much of this energy is converted 
into heat in the vehicle and in the air 
stream flowing around it. 

For a manned re-entry vehicle to 
remain substantially intact while keep- 
ing its personnel and instrumentation 
unharmed, it is, of course, necessary 
for it to absorb as little heat as possible 
in slowing up in the atmosphere. It 
is possible that magnetohydrodynamics 
can make the task substantially easier 
by replacing a solid aerodynamic 
“wing” or drag surface with a magnetic 
field. 

When a body traveling at or near 
satellite velocity re-enters the atmos- 
phere, the gas around it is heated in 
the bow shock and ionized to a point 
where it becomes a relatively good 
conductor of electricity. In fact, on a 
weight basis, its conductivity may be- 
come considerably better than that of 
copper. Therefore the possibility 
arises that the motion of the gas may 
be influenced by a magnetic field, just 
as the motion of the copper wire is in 
a conventional electric motor or gen- 
erator. 

The primary advantage obtained by 
using these MHD forces is that this 
influence on the motion and, hence, a 
force between the body and gas, is 
obtained without the use of solid sur- 
faces. Therefore the aerodynamic 
heat flow which such control surfaces 
would receive is reduced. 

In this possible application of MHD 
to effect drag during re-entry, two 
important factors should be noted. 
First, an electromagnetic drag force is 
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effected. Second, the shock wave is 
displaced away from the vehicle, 
which may be expected to reduce heat 
transfer to the surface of the re-entry 
body. A third, and perhaps minor 
factor, is the generation of a large 
amount of electric current during this 
process which could be tapped for 
high-powered communication or other 
use in re-entry. 

To make a precise evaluation of the 
possibilities of magnetohydrodynamics 
in flight, it is necessary to develop 
methods for treating MHD flow prob- 
lems. ARL has conducted experimen- 
tal and theoretical work of a funda- 
mental nature which has led to some 
understanding of simple flows which 
involve magnetic fields and conducting 
gas. The first of these was a study of 
a theoretical and experimental nature 
where the motion of the gas was re- 
stricted to one dimension. A quanti- 
tative comparison with experiments 
and theory was obtained and has been 
reported. 

An analysis has been made of the 
motion of a gas in the vicinity of the 
nose of a re-entry body (the stagna- 
tion point) in the presence of a mag- 
netic field normal to the surface. This 
problem would correspond to the flow 
of an ionized gas which is heated in 
passing through a bow shock in front 
of a vehicle traveling at very high 
speeds and the subsequent effect on 
this flow through the introduction of 
a magnetic field normal to the surface. 

A theoretical treatment has been 
made of a two-dimensional problem of 
the flow of a conducting gas and its 
interaction with a magnetic field nor- 
mal to the flow direction. Experi- 
mental work has been conducted at 
the Laboratory which will be reported 
shortly. 

Some predictions as to potential 
flight regimes of re-entry devices uti- 
lizing MHD drag will be found on 
page 20. By “seeding” the air in 
front of a vehicle with a few per cent 
of an easily ionizable substance, such 
as sodium or potassium, MHD drag 
may be obtained to lower altitudes and 
velocities. 

One concept of what an MHD re- 
entry vehicle might look like is found 
on page 20. The spherical body repre- 
sents the capsule containing a man, 
or crew. Trailing behind the capsule 
is a loop of metal tubing. At the start 
of re-entry a small current is applied 
to the loop by means of electric 
batteries. This causes a weak mag- 
netic field to form around the loop. 
The high-velocity flow of the ionized 
gas particles behind the shock wave 
causes this arrangement to act like a 
self-excited generator, the current 
flowing in the loop increases, causing 
a correspondingly higher magnetic 
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field, more current, etc. The drag 
effect may be calculated from a com- 
plex relationship between the velocity 
of the vehicle, altitude, initial field 
strength of the magnetic field and gas 
conductivity. 

Magnetohydrodynamics is also 
being examined carefully from the 
standpoint of electric power genera- 
tion. The direct interaction of a con- 
ducting gas with a magnetic field has 
long been attractive in speculation 
about power generation systems. At 
present, there are two ways in which 
MHD may prove useful for large-scale 
power production. The one which has 
received most attention is a fusion re- 
actor operating at a temperature range 
of several hundred million degrees 


To Generate Electricity 


A more immediate application of 
MHD, however, would be in a genera- 
tor which would replace the boiler, 
steam turbine and the electric genera- 
tor in a system utilizing combustion 
gases of conventional fuels. The 
fundamental advantage of an MHD 
system is that it does not involve hot 
moving parts. Since such items as 
turbine wheels and blades limit operat- 
ing temperatures and efficiencies, an 
MHD system could not only operate at 
appreciably higher temperatures, but 
might be much easier to build and 
more readily adaptable to large power 
stations. 

The temperature at which a ther- 
mally ionized gas will conduct elec- 
tricity to function in an MHD genera- 
tor appears to be somewhat less than 
the temperature permissible for long- 
term exposure of unstressed ceramic 
materials. If this proves true, “low- 
temperature” MHD has an important 
potential application in this area. 

The great potential of the fusion re- 
actor is well known. The major prob- 
lem is the containment of gases at 
temperatures of hundreds of millions 
of degrees. A very real problem 
exists, not only in the exceptionally 
high degree of containment required 
to prevent prohibitive cooling of the 
gas by solid walls, but also to prevent 
vaporization of these walls. The only 
types of forces which seem feasible for 
the physical containment of gases at 
such temperatures are those arising 
from the interaction of the high-tem- 
perature gas with magnetic fields. 

An ionized particle moving in a 
magnetic field experiences a_ force 
directed toward a magnetic field line 
about which it moves in a helical path. 
The radius of this helix is known as 
the “gyro radius.” The gas conditions 
necessary to produce a fusion reaction 
are such that the mean free path of 
the gas particles is much longer than 
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the gyro radius for these particles in 
a magnetic field, if the magnetic field 
is strong enough to contain the gas. 
These conditions introduce a new re- 
gion in gas physics where the domi- 
nating feature of the gas properties 
is no longer dependent upon collisions, 
as is the case in conventional gas dy- 
namics. 

In a typical design of a fusion re- 
actor, an ion would have to move 
along a path hundreds or even thou- 
sands of miles long through the gas 
before it could be allowed to strike 
solid materials. Since 1956, a research 
program in this field has been carried 
out at ARL designed primarily to ob- 
tain temperatures of several million 
degrees K and to contain such gases 
at these temperatures. 

Most of the ARL work dealing with 
gases at extremely high temperatures 
has been directed toward understand- 
ing the interaction of a gas and a 
magnetic field where the gyro radius 
is small compared to the mean free 
path in a magnetic field. Initial ex- 
periments were done with an elec- 
trodeless gas accelerator. Velocities 


corresponding to several hundred thou- 
sand degrees K were obtained and 
helped verify some basic ideas on the 
interaction of high-temperature gases 
with magnetic fields. 


On the basis of the experience 
gained in these experiments, a second 
device was constructed at ARL, simi- 
lar to the propulsion unit for space 
flight described above. Temperatures 
of the order of 1,000,000 K have been 
achieved with this device, shown on 
page 20. 


Dress Rehearsal for 
Project Eclipse 


Four Nike-ASP sounding rockets 
with 50-lb payloads launched in July 
from San Nicolas Island, in prepara- 
tion for solar radiation studies to be 
made with them in the South Pacific 
(Danger Island) during total eclipse 
of the sun Oct. 12, set altitude records 
for two-stage solid propellant rockets 
by reaching 140-150 miles. 


Methylamines, Perchloryl 
Fluoride in Production 


Pennsalt Chemicals and Commer- 
cial Products both have new plants 
producing ton quantities of methyl- 
amines, and Pennsalt announced com- 
mercial availability of ton quantities 
of perchioryl fluoride. Both can be 
used as propellants. 
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Solids Boost Liquids 


(CONTINUED FROM PAGE 31) 


erosion or hot spots. 

Low-temperature combustion prod- 
ucts tend to be extremely fuel-rich and 
to contain solid matter, which returns 
us to the problem of gas-liquid inter- 
action and the possibility of solids 
clogging injectors or acting as ignition 
nuclei in the tanks. Again, a solid 
propellant giving neutral gases with 
little solid residue would reduce these 
effects. 

Composition and temperature of 
combustion products, then, in part 
affect the choice of solid propellant. 
The sensitivity of the propellant to 
initial temperature and the pressure 
of the rocket motor system during 
operation also affects this choice. 

Most current rocket motors for mili- 
tary use must function with as little 
variation possible over the initial-tem- 
perature range —65 to 165 F. Some 
must function at an initial temperature 
as high as 200 F. Ambient tempera- 
ture over this range influences burning 
rate of the solid propellant, density of 
the liquid propellants, injector dis- 
charge coefficient, amount of heat lost 
from the pressurizing gas, and degree 
of interaction between gas and liquid. 
These in turn affect thrust. All but 
burning rate and liquid propellant 
density are best evaluated by testing 
an actual motor system. The effect of 
burning rate and liquid propellant 
density can be studied analytically. 

A small variation of burning rate 
helps compensate for the change in 
liquid propellant density with initial 
temperature. Some specific solid pro- 
pellant in any group under study will 
consequently show an initial tempera- 
ture sensitivity leading to least thrust 
variation in a proposed motor. This 
propellant can be found by substitut- 
ing expressions for propellant burning 
rate in terms of pressure at the extreme 
ambient temperatures into the charac- 
teristic equations defining flow and 
pressure at various points in the rocket 
system. Equilibrium conditions at 
these extreme temperatures can then 
be compared with design conditions 
(usually at 70 F) to reveal the pro- 
pellant introducing least thrust varia- 
tion over the whole temperature range. 

Finally, solid propellants insensitive 
to pressure during burning, or with a 
burning rate that slows with a rise in 
pressure, stabilize this kind of rocket 
motor system. These propellants, by 
not responding or by, so to speak, 
working against the system pressure, 
tend to damp pressure perturbations 
that might occur in the liquid propel- 
lant tanks and to burn stably when 
changes in pressure do occur. A pres- 
sure-insensitive solid propellant also 
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raises tolerance to variation in injector- 
orifice and nozzle-throat areas. 

A general picture of the dynamics 
of a proposed system can be seen in 
an expression for mass flow rate of gas 
from the generator. The theoretical 
mass gas flow rate needed to pressur- 
ize the liquid propellant tanks may be 
expressed as follows if we assume 
steady-state equilibrium and com- 
munication between the fuel and oxi- 
dizer tanks. 


temperature pressure during 
motor operation, this amplified expres- 
sion can be played upon to show the 
utility of a particular gas generator 
design. 

Solid propellants with neutral or 
slightly oxidizer-rich combustion prod- 
ucts would promote wider use of gas 
generators. Until these become avail- 
able, the engineer can adapt a present 
propellant to a particular liquid pro- 
pellant system by adding some com- 


Theoretical mass Tank . olumetric Volumetric 
gas flow rate = pressure flow rate, + flow rate, 
(steady state ) | oxidizer fuel f 


Universal gas constant (T/M) 


The ratio, T/M, represents the tem- 
perature of the pressuring gas, divided 
by its molecular weight. The equa- 
tion shows that mass gas flow rate is 
inversely proportional to this ratio— 
that is, the lower the average molec- 
ular weight of a propellant and the 
higher the temperature of its combus- 
tion products, the less propellant is 
needed. 

This expression can be amplified by 
experimentally measured efficiency co- 
efficients to give an expression for mass 
gas flow rate in a particular liquid 
propellant motor. Against back- 


ground study of the possible gas-liquid 
reaction, the temperature limits im- 
posed by the material structure of the 
motor system, and the effects of initial 


Expandering 


plexity in the form of regulating de- 
vices. 

For example, solid propellant com- 
bustion products of too high a tem- 
perature can usually be cooled with a 
liquid (e.g., water or liquid ammonia) 
or solid diluent (e.g., oxalic acid) ap- 
plied externally to the gas-generator 
charge. A gas-liquid reaction can be 
prevented by introducing a_ barrier 
between gas and liquid, for instance, 
a bag, a piston, or an insulating fluid 
topping. A valve will sometimes serve 
to vent the products of mild, non- 
reproducible gas-liquid reaction. 


Based on a paper presented at the ARS 12th 
Annual Meeting in New York City Dec. 2-5, 
1957. 
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Talos takes off after “ghost” bomber simulated by Kingfisher. 


The supersonic ramjet target drone 
developed by Lockheed Missile Sys- 
tems Div. as the Q-5, and now being 
evaluated by the Army as Kingfisher, 
went through its first tactical flight 
against a groundbased Talos missile 
successfully, registering a hit on its 
kill detector. Kingfisher, which can 


Kingfisher Tested by Talos 4 


fly above Mach 3 at high altitude, 
simulates the radar pattern of a 
bomber, and records either missile hits 
or miss angles and distances. After a 
test, it descends by parachute and 
impales itself on a nose spike for 
recovery and re-use. Articles in the 
June issue of Astronautics describe 
the principles of this kind of drone, 
which will see wide service in testing 
the gamut of defense missiles. 


Jupiter-C 
(CONTINUED FROM PAGE 33) 


when we discuss Jupiter-C’s flight. 

One of the nastiest problems that 
we encountered with Explorer was to 
make this proportional attitude control 
system linear under vacuum condi- 
tions. This was quite a trick, be- 
cause, with a vacuum outside, you get 
supersonic nozzle flow even at very 
small rates of air flow. This tended 
to cause an S-shaped response curve, 
which the fellows in our mechanical 
lab found rather difficult to straighten 
out. But they succeeded, and it is 
now a very precise control system. 
There are four of these double-nozzle 
units attached to the instrument com- 
partment—two for pitch and two for 
yaw. Roll-control signals feed to all 
four electromotors in the form of dif- 
ferential signals. 

Finally, there is the now familiar 
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tub, holding the second and _ third 
stages, and the fourth stage, Explorer 
I itself. The same type of solid rocket 
motor was employed in both clustered 
top stages and Explorer I, but the 
fourth-stage rocket motor had a 
slightly different propellant. The sec- 
ond stage consists of a ring of 11 
motors, and the third stage of three 
motors nesting in this ring. 

The tub is nothing but an aluminum 
can, having on its top and bottom 
matching sets of grooved bosses to 
support and guide lugs on the second- 
stage cluster. This lug-and-groove ar- 
rangement is in effect a zero-length 
support and guide lugs on the second- 
stage has traveled as little as half an 
inch within the tub, it is free and can 
make lateral moves of several inches 
without colliding with the tub wall. 
The same applies to third-stage clear- 
ance in relation to the second stage. 
The fourth stage, with the satellite 


payload attached to its front bulkhead, 
sits in a conical holder attached to the 
forward end of the third stage. 

The tub rides on a conical “stool,” 
which carries two heavy ball bearings 
to allow the tub to spin. Under the 
stool are two electric motors that drive 
the tub. Two sprocket rubber belts, 
not unlike those used in motorcycles, 
convey power from the motors to the 
tub. 

The tub stages must be spin-tested 
for static and dynamic balance on a 
special rig consisting of a cage sus- 
pended on four rods inside a frame. 
In this testing, electric motors drive 
the tub, loaded with rocket motors, up 
to speed, and as spin starts any mass 
unbalances will cause the inner cage 
to vibrate within the outer frame. The 
amplitude and pattern of this vibra- 
tion is measured stroboscopically to 
show where balance weights must be 
added. This technique is widely used 
in industry to balance dynamically 
things like gyros and flywheels. The 
spinup facility was designed and de- 
veloped under an ABMA contract by 
Aerophysics Development Corp. 


Upper-Stage Spin Rates 


The spinning of the tub in actual 
flight is an interesting business. Prior 
to launching, we spin the tub to 550 
rpm. About 70 sec after takeoff, a 
governor, controlled by a taped pro- 
gram inside the instrument compart- 
ment, gradually changes the regulator 
setting from 550 to 650 rpm. Again, 
at 115 sec after takeoff, it rises from 
650 to 750 rpm. We use this seem- 
ingly complicated procedure to avoid 
resonance between the spin frequency 
of the high-speed stages and the bend- 
ing frequency of the booster, which 
goes up as propellant is consumed in 
flight. At no time in flight, then, does 
Jupiter-C go through a critical fre- 
quency. 

About 20 sec before propellant cut- 
off, the maximum spin rate of 750 
rpm has been reached, and there is 
no change in the rate of spin during 
the free coasting climb to apex. Thus 
the high-speed stages are fired at 750 
rpm. There is, however, one impor- 
tant consideration. The constant 750- 
rpm phase is also governor-controlled, 
which causes varying loads on the 
electric motors. These varying loads 
exert a reaction torque on the instru- 
ment compartment attached to the 
spin launcher, and in coasting flight 
this torque must be compensated by 
the compressed-air nozzles of the spa- 
tial-attitude control system. Other- 
wise, the instrument compartment 
could acquire a spin under the influ- 
ence of this reaction, with resulting 
gimbal lock and spilling of the gyro- 
The thrust of the air nozzles 


scopes. 


MISSILE CHECK-OUT 


TEST STAND 
OPERATION 


WIND TUNNEL 
INSTRUMENTATION 


TELEMETRY 
DATA REDUCTION 


The RW-300 

is the first 

digital computer 
for test control 
and data reduction 


Now-—at the test site—completely automatic test control and data 
reduction can be handled by a single system incorporating the 
Ramo-Wooldridge RW-300 Digital Control Computer. The new RW-300 
can schedule and closely control test routines, and it can collect, 
analyze, and record test data. 


The versatile RW-300 utilizes input data as feedback to modify control 
actions, thus substantially shortening many test routines. In addition, the 
RW-300 directly logs both instrument data and complex relationships 
among these data. Thus, test results are available immediately. The 
time-consuming task of processing raw data through a separate computer, 
often remote from the test facility, usually can be eliminated. 


For technical information on automatic test control and data reduction 
with the RW-300 and with special digital systems which utilize solid-state 
components exclusively, write: Director of Marketing, The 
Thompson-Ramo-Wooldridge Products Company, P.O. Box 45607, 
Airport Station, Los Angeles 45, California, or call OSborne 5-4601. 


THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 
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Super-Farron — an ultra high speed photographic objective 
having extremely fine correction over an unusually wide 

flat field. The advantages of its photographic speed of T/1.0 
for operation under adverse light conditions are evident. 

It is available with standard infinity correction for 

direct photography, and it can be supplied corrected for 

16:1 or 4:1 conjugates for special purposes. The Super-Farron 
is eminently suitable as an objective for Image Orthicon 
television cameras or for special 35mm photography. 


Technical data available on request 
Specify Engineering Report No. 327 


Pat. No. 2,846,923 


has to be sufficient to cope with these 
“governor reaction torques.”  A_ lot 
of testing was done in this area before 
we knew our method was sound and 
safe. 

The presence of the spinning cluster 
on the nose of the instrument compart- 
ment means that what we have to tilt, 
with the spatial-attitude control sys- 
tem, what is essentially a nonrotating 
body with a great big gyro mounted 
on its nose. As we tilt, we have to 
take into consideration the precession 
forces caused by this gyro. What we 
actually did was to put these unavoid- 
able precession forces to good use. 
To tilt the unit in the pitch direction, 
we blew air out of the nozzles point- 
ing in the yaw direction. Thus we 
used the precession force of the spin- 
ning cluster to tilt the unit in the 
pitch direction. All this was tried out 
on an analog simulator beforehand. 

This picture would not be complete 
without following the Jupiter-C 
through its launching and flight stages. 

Top photo on page 33 shows one 
of the last phases of preflight prepara- 
tion. At the right, you can see the 
lox-loading line going into the Red- 
stone booster, while the ladder at the 
left is used to connect the hydrogen 
peroxide line. In the so-called steam 
generator, hydrogen peroxide is cata- 
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lytically decomposed to oxygen-rich 
steam, which drives the turbine. The 
turbine in turn drives the two centrifu- 
gal propellant pumps which feed the 
fuel and lox into the engine combus- 
tion chamber. 

The launching table is an extremely 
simple thing—a steel table with four 
legs on which the missile rests prior 
to launching. The table top has a 
large hole through which the rocket 
jet passes. A conical deflector under- 
neath spreads the jet out horizontally. 
All the equipment in the rear of the 
picture belongs to the service struc- 
ture, which sits on two sets of wheels 
that run on wide-gauge rails. For the 
launching itself, the structure is rolled 
back about 300 ft from the missile. 


The Countdown 


With a new missile, where you have 
very little experience on how long it 
might take to go from one step in the 
firing preparations to the next one, one 
can almost state that “any similarity 
between X-time and real time is purely 
coincidental.” It is one of the most 
important tasks of the experimental 
missile firing team to make X-time and 
real time gradually approach each 
other until, at the end of development 
you can hand your customer, whether 
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miliarty or scientific, a realistic count- 
down table for your missile system. 
To play it safe, we provided an hour 
of padding in our countdown schedule 
for Jupiter-C. It so happened that 
the firing preparations for Explorer I 
proceeded so smoothly that at X —30 
minutes, we had to call a synthetic 
one-hour halt in all operations to let 
real time catch up with the count- 
down! 

The rocket takes off vertically, but 
by the end of the 155-sec burning 
time it has moved into a trajectory in- 
clined 40 deg to the horizon. We did 
not apply a refined cutoff for the 
booster, but used instead the so-called 
depletion technique. That is, after 
about 149 sec of flight we energized 
a probe in each of the propellant dis- 
charge lines, and the first one to sense 
“no pressure” triggered a relay that 
closed both main valves to the pro- 
pellant tanks. Cutoff occurred at 157 
sec for Explorer I, which was 2 sec 
later than expected. 

A timer sends current to the ex- 
plosive bolts 5 sec after cutoff, this 
coasting interval being introduced to 
allow thrust to decay completely be- 
fore the separating action. Otherwise, 
residual thrust, from propellants. still 
in the lines, might supply enough 
thrust to run the booster into the nose 
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assembly if it were separated at the 
moment of thrust cutoff. 

The spatial attitude control system 
then takes over to bring the separated 
stages horizontal with the earth’s sur- 
face during the coasting period, which 
runs from cutoff at 157 sec to the time 
apex is reached at about 404 sec. 

The same gyros that stabilize the 
rocket through the jet vanes of the 
booster up to cutoff control the system 
of compressed-air nozzles in the tail 
of the instrument compartment after 
separation. Thrust from these nozzles 
is made to tilt the separated section 
toward a horizontal plane substantially 
faster than the tilt of the trajectory 
itself approaches the horizontal. This 
is done to give the residual attitude 
errors time to decay and thus gain the 
highest possible accuracy in horizontal 
alignment. 

The story isn’t quite that simple, 
because our relatively crude cutoff 
technique made it impossible prior to 
launching to predict exactly when apex 
would be reached or to predict how 
horizontal travel would occur between 
takeoff point and apex. Because of 
the curvature of the earth, and because 
the separated hose assembly has to be 
exactly horizontal over the local hori- 
zon, it was necessary to introduce 
auxiliary tracking to furnish additional 
data during flight, for only by catching 
the moment of apex and accurately 
aligning the spinning tub was it pos- 
sible to get the high-speed stages off 
in the right direction to obtain orbital 
flight. 

To identify the instant of apex as 
accurately as possible, we used three 
independent methods. First, we 
tracked the missile by radar and used 
the radar plot to predict the instant 
and point in space of apex. Second, 
we had in Jupiter-C an accelerometer 
that, by means of telemetry, relayed 
to the ground the velocity buildup of 
the first stage. Cutoff velocity was 
fed into a simple computer on the 
ground which predicted the instant 
when apex would be reached. And, 
third, we used our standard Doppler- 
tracking network to furnish the same 
information. 

These three independent apex pre- 
dictions were cranked into a_ little 
manual calculator which enabled us 
to weigh their quality. For example, 
if one of the three predictions was 
based on readings of poor quality, it 
could be disregarded completely, or 
its weight in determining the average 
could be reduced to only 20 per cent 
of the others. In this fashion we pre- 
dicted a rather reliable time of “aver- 
age apex.” This time for average apex 
was used to set a clock that triggered 
a radio signal, and this signal in turn 
caused the second stage to fire. All 
this, of course, had to be accomplished 


SIZE 25 
ULTRA-PRECISE 


SIZE 
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size 8 


SYNCHROS FOR EVERY APPLICATION 


Kearfott offers the widest range of synchros in the industry. 
Ruggedly constructed of corrosion-resistant materials, they give 
unequalled performance under every environmental condition. 
For best characteristics and reliability, specify Kearfott for all 
your synchro requirements. Here are a few typical models: 


Size 8: .750” x 1.240”. 1.75 oz. —54C to +125C. 
Available as transmitter, control transformer, resolver, and 
differential. Max. error from EZ: 10, 7 and 5 minutes. 


Size 11 Standard: 1.062”x1.766”. 4 0z. —54C to +125C. 

Available as transmitter, control transformer, repeater, resolver 
and differential for 26v and 115v applications. Max. error from EZ: 
10,7 and 5 minutes standard, 3 minutes in 4-wire configurations. 


Size 11 MIL Type: Dimensions and applications same as above. 
Meets Bu. Ord. configurations: max. error from EZ: 7 minutes. 


Size 15 Precision Resolver (R587): 

With compensating network and transistorized booster 
amplifier, provides 1:1 transformation ratio, 0° phase shift. 
Max. error from EZ: 5 minutes. 


Size 25 Ultra-Precise: 2.478” x 3.187”. 450z. 
Available as transmitter, differential, and control transformer. 
Max. error from EZ: 20 seconds arc. 

Engineers: Kearfott offers challenging opportunities 

in advanced component and system developments. 


KEARFOTT COMPANY, INC., Little Falls, N. J. 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
SALES AND ENGINEERING OFFICES: 1378 MAIN AVE., CLIFTON, N.J. 


MIOWEST OFFICE: 23 W. CALENDAR AVE., LA GRANGE, ILL. 
SOUTH CENTRAL OFFICE: 6211 DENTON DRIVE. DALLAS, TEXAS 
WEST COAST OFFICE: 253 N. VINEDO AVENUE, PASADENA, CALIF, 
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LOOKING FOR 


You’re 
sitting 


on 
the 


Service conditions may govern any number of valve require- 
ments for a given operation. Once the specified needs are apparent 
it becomes a matter of choosing the right valve for the job. You 
want to be certain the valve is mechanically suited to fit your 
particular requirements. You want to be certain you are getting 
product quality so specified. PACIFIC designed valves for the 
handling and storage of liquid fuels assures you of absolute control 
for a safer, more efficient operation. In addition you get the 
benefit of the most complete selection of valve sizes, pressure series 
and alloys to meet varied service requirements. Improved design 
assures you of the necessary flow characteristics in valves engi- 
neered expressly for missile launching and_ testing facilities. 
Straight thru circular body members, angular seat and disc con- 
trol remedies undesirable change of flow pattern, giving you 
reduced deflection and turbulence and offers you the freedom of 


greater operating ranges. 


THE RIGHT 


answer... 


VALVE ? 


es 


INC. 3201 Walnut Ave. 


Long Beach, Calif. 


during the 4 min or so available be- 
tween first-stage cutoff and apex. 
Now, to be quite correct, we did 
not want to fire the second stage ex- 
actly at the apex itself, but a little 
bit before. The second, third and 
fourth stages each had a burning time 
of about 5 to 6 sec, and there were 
several seconds between firing of one 
stage and burnout of the previous one. 
This meant that total elapsed time be- 
tween firing of the second stage and 
end of burning of the fourth stage 
was about 24 sec. The firing of the 
second stage therefore had to take 
place at the right time prior to the 
predicted apex point. With this lead 
time, the vertical velocity component 
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of the high-speed cluster would be 
exactly zero at cutoff of the fourth 
stage. Post-launching tracking data 
indicated that the angle of the fourth 
stage as it entered orbit was, in respect 
to the local horizon, as little as 0.81 
deg off. 

We think this was remarkable ac- 
curacy considering the many factors 
involved—drift of the gyros controlling 
attitude; the air-jet system directed 
by the gyros; timing of the apex 
transit; canting or unsymmetrical de- 
tachment of any stages; differences in 
ignition delay among rockets belong- 
ing to the same stage; and, last but 
not least, any unsymmetries or un- 
balances in burning or mass. distri- 


bution of the three high-speed solid 
rocket stages, which were merely spin- 
stabilized. 

Although total angular error at cut- 
off of the fourth stage was only 0.81 
deg, it might interest you to know that 
Explorer I still would have orbited 
had this error been as high as 4 deg. 


Based on a paper presented at the ARS-ASME 
Aviation Conference in Dallas, Tex. 


Russian Eye on Space 
(CONTINUED FROM PAGE 39) 


has facilities for probing the iono- 
sphere with vertically transmitted 
radio signals, for recording changes in 
the earth’s magnetic field and for ob- 
serving cosmic rays. The IGY has, of 
course, added impetus to the study 
and interrelation of these phenomena. 

The Observatory devotes much at- 
tention to a study of the physical na- 
ture of stars, by means of a telescope 
fitted with two cameras with 40 
cm lenses and photoelectric devices. 
Measurements have made it possible 
to establish a definite relationship be- 
tween star spectra and luminosity. 
We have simultaneously photographed 
stars and their spectra in many por- 
tions of the sky, and are using this 
data for statistical studies of our own 
galaxy. Other galaxies have also 
come under spectral analysis, for we 
are studying their structure and 
chemical composition. 

Although we do not as yet have 
really large telescopes, the Observa- 
tory will obtain in the near future a 
new reflecting telescope with a 260 
cm diam mirror. We are now pre- 
paring electronic instruments for this 
telescope. 

The Observatory is staffed by ex- 
perienced scientists, such as A. Sev- 
ery, V. Nikonov, E. Mustel and S. 
Pikelner, as well as by many young 
workers, not exclusively Russian, who 
are just beginning their scientific ac- 
tivities. 


Congressional Resolution 
Bans Military Space Use 


Both houses of Congress recently 
approved a resolution banning the use 
of outer space for military purposes. 
The resolution had put Congress on 
record as believing that “the nations 
of the world should join in the estab- 
lishment of plans for the peaceful ex- 
ploration of outer space, should ban 
the use of outer space for military ag- 
grandizement, and should endeavor to 
broaden man’s knowledge of space 
with the purposes of advancing the 
good of all mankind.” 
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Preserver of Peace... 


It sees... 
thinks... 
warns... 


OUR WATCHDOG OF THE FIRMAMENT 


BMEWS— Ballistic Missile Early Warning System 
—is under development to provide a scientific 
answer to the detection of intercontinental bal- 
listie missiles. In its various functions, it will be 
one of the electronic wonders of the age. The 
unblinking eyes of its strategically located radars 
are being developed to detect an onrushing missile 


Tmk(s) 


thousands of miles away. Almost at once electronic 
computers will determine altitude, course and 
speed, and set in motion the necessary defense 
apparatus. RCA acknowledges its tremendous re- 
sponsibility as prime contractor for the design and 
construction of BMEWS-—so vital to our country’s 
defense and so effective as an instrument for peace. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, N. J. 
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Government 


Reaction Motors to Produce 
Packaged Liquid Rocket Engine 


The Navy awarded Reaction Motors 
Div. of Thiokol a prime contract for 
production of a packaged liquid rocket 
engine (Guardian), which has been 
under development at RM with both 
government and company funds, This 
engine, an integrated system of propel- 
lent tanks, combustion chamber and 
other components, can be factory- 
loaded with propellants and_ stored 
ready for use at high and low tempera- 
tures for extended periods. RM _ ex- 
pects that Guardian will be the first of 
a series of similar motors of various 
thrust, size, and burning time. The 
contract announcement culminates a 
decade of Navy planning for such a 
propulsion unit. 


New Research Labs for 
School of Aviation Medicine 


A bill authorizing $12 million for 
new research labs for the School of 
Aviation at Brooks AF Base passed 
Congress and is expected to be signed 
by the President. This money would 
add seven buildings to the seven now 
going up at Brooks at a cost of $9 
million. The School of Aviation 
Medicine, now at Randolph AF Base, 
will move to Brooks in mid-1959. 


Ford Instrument to Develop 
Inertial Guidance System 


Ford Instrument Co., a division of 
Sperry Rand, will design and develop 
a “No-gimbal pure integration inertial 
guidance system” under AF contract 
for WADC’s Weapons Guidance Lab. 
Ford began work on a_platformless 
inertial system in the early 1950's, 
when it applied for 15 basic patents, 
13 of which now await final approval, 
but at that time found analog com- 
puter work not advanced sufficiently to 
allow an airborn system. The new 
guidance should find wide application 
in aircraft, missiles and space vehicles. 


AAM Universal Test System 


Navy Bureau of Aeronautics has 
awarded the Allen B. Du Mont Labs 
a $386,000 contract to produce nine 
universal test systems (AN/DSM-32) 
for “Go-no go” checkout of guided 
missiles at depots and aboard ship. 
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contract awards 


Mace Equipment 


Four Wheel Drive Co. received six 
new contracts totaling approximately 
$1.5 million—including a $400,000 
subcontract from Goodyear Tire for 
Mace translauncher bogies and a 
$130,000 contract from Army Trans- 
portation Research and Engineering 
Command, Ft. Eustis, Va., for a num- 
ber of 600-gal rolling  fluid-trans- 
porters. 


Bomarc Telemetry 


Boeing has awarded Tele-Dynamics 
Inc. a contract to design, develop and 
manufacture a PDM-FM/FM_ telem- 
etry system for operational flight test- 
ing of Bomarce. 


Bendix to Supply Computer 


Bendix Aviation Corp.’s Computer 
Div. was awarded a $300,000 contract 
for an electronic computing unit to be 
part of the missile-impact prediction 
system at Cooke AF Base, Calif. 


Radar Navigator 


Sylvania Electric Products Inc. re- 
ceived a $3 million plus AF contract 
for production of all-weather AN/ 
APN-81 radar-navigation systems. 


SYNOPSIS OF AWARDS 


The following synopsis of govern- 
ment contract awards lists formerly ad- 
vertised and negotiated unclassified 
contracts in excess of $25,000 for each 
Air Force, Army and Navy contracting 


office: 


AIR FORCE 


AFCRC, ARDC, USAF, Laurence G. 
Hanscom Fievp, Bedford, Mass. 
Research directed toward application of 
photographic plates of artificial earth 
satellites for geodetic purposes, $45,000, 
Georgetown College, Washington, D. C. 


Research directed toward experimental 
determinations of ionospheric character- 
istics using satellite radio transmission, 
$74,000, Weston College, Weston, Mass. 


Theoretical and experimental research 
in thermoelectricity, $150,000, MIT, 
Cambridge, Mass. 


Research directed toward experimental 
determinations of ionospheric characteris- 
tics using satellite radio transmission, $75,- 
000, Univ. of New Hampshire, Durham, 
N. H. 


ComManverR Hg AMC, Waricut-Patter- 
son AFB, Ohio. 

Design, development, fabrication and 
testing of high-performance inertial navi- 
gator, the Hipernas II, and applicable 
spare parts, technical reports and engi- 
neering data. End use is Army surveil- 
lance drone program, and AF‘ satellite 
launch and space vehicle programs, $500,- 
000, Avionics Div., Bell Aircraft Corp., 
P.O. Box 1, Buffalo 5, N.Y. 


Experimental hydrocarbon fuels to be 
used in full-scale and engine tests, small 
scale burner rigs, thermal stability rigs, 
and in other chemical and physical tests 
to determine the suitability of the fuels 
for supersonic aircraft, $154,936, Applied 
Science Labs., Inc., 140 N. Barnard St., 
State College, Pa. 


Aerial target drones, $6,704,072, Ra- 
dioplane, Northrop Aircraft, Inc., 8000 
Woodley Ave., Van Nuys, Calif. 


Conduct high performance X-10 drone 
flights to demonstrate weapon capability 
of the IM-99 Bomarc, $500,000, North 
American Aviation, Missile Development 
Div., Downey, Calif. 


He AF Orrice oF ScrENTIFIC RESEARCH, 
ARDC, Washington 25, D.C. 

Continuation of research on_ three- 
dimensional supersonic and_ hypersonic 
flow problems, $90,000 Polytechnic Inst. 
of Brooklyn, 99 Livingston St., Brooklyn 


Research on radiation effects in solids, 
$55,600, Brown Univ., Providence 12, 
Rel: 


Continuation of research on microwave 
magnetic spectroscopy of free atoms and 
free radicals, $25,725, Univ. of Maryland, 
College Park, Md. 


Continuation of study of nuclear struc- 
ture and interactions, $41,924, Purdue 
Research Fdn., Lafayette, Ind. 


Research on high velocity impact 
studies, $102,192, Univ. of Utah, Salt 
Lake City 1, Utah. 


Continuation of research in solid state 
theory, $62,750, Univ. of Maryland, Col- 
lege Park, Md. 


Continuation of research on hypersonic 
flow by means of the shock tunnel, $124,- 
876, Cornell Aeroanutical Lab, 4445 
Genesee St., Buffalo 21, N.Y. 


Continuation of research on theoretical 
and experimental studies of mass transfer 
cooling, $116,859, Univ. of Minnesota, 
Minneapolis, Minn. 


Continuation of research on nuclear 
emulsion — studies, $50,624, Univ. of 
Miami, Coral Gables 46, Fla. 


Continuation of research on nuclear in- 
teractions of 25-75 Mev photons, $38,777, 
Univ. of Virginia, Charlottesville, Va. 


Research on high-speed gas dynamics, 


© 


$51,036, New York Univ., New York 3, 
N.Y. 


Photonuclear reaction studies, $32,000, 
Univ. of Pennsylvania, Philadelphia 4, Pa. 


Ocpen Matertet Area, USAF, Hite 
AFB, Utah. 

Igniter M-41 for rocket motor M-58 
solid propellant, $26,840, Thiokol Chemi- 
cal Corp., Elkton, Md. 


ARMY 


Boston OrpNance Dist., ArMy Base, 
Boston 10, Mass. 
Satellite tracking program, $225,637, 
Smithsonian Institute, Washington, D.C. 
Repair parts for Hawk missile, $745,- 
624, Raytheon Mfg. Co., Willow St., 
Waltham, Mass. 


New York OrpNance Dist., 770 Broad- 
way, New York 3, N.Y. 

Starting mixture, guided missile, un- 
symmetrical dimethylhydrazine, $64,080, 
Pioneer Chemical Co., Inc., 36-41 Vernon 
Blvd., Long Island City 1, N.Y. 


PHILADELPHIA ORDNANCE Dist., 128 N. 
Broad St., Philadelphia 2, Pa. 

Nike spare parts and components, 
$1,557,487, Western Electric Co., 120 
Broadway, New York 5, N.Y. 


Nike spare parts and components, 
$1,200,047, Douglas Aircraft, Charlotte 
Ordnance Missile Plant, Charlotte, N.C. 


Study of cosmic ray attitude sensing 
device, $53,000, Univ. of Maryland, Col- 
lege Park, Md. 


Research study in the field of micro- 
wave and radio frequency spectroscopy, 
$32,438, Duke Univ., Durham, N.C. 


Study of telemetry data analysis tech- 
nique, $51,983, Applied Science Corp. of 
Princeton, Box 44, Princeton, N.J. 


Multipurpose missile system test equip- 
ment, $1,500,000, RCA Service Co., RCA, 
Cherry Hill, Delaware Township, Cam- 
den 8, N.J. 


Research on the vulnerability of air- 
craft missiles, $100,000, Johns Hopkins 
Univ., 3506 Greenway, Baltimore 18, Md. 


U. S. Army OrpNaANceE Dist., Los An- 
GELES, 55 S. Grand Ave., Pasadena, Calif. 

Missile technical representative services, 
$1,908,954, Douglas Aircraft, 3000 Ocean 
Park Blvd., Santa Monica, Calif. 


Rocket engines, $180,000, North Ameri- 
can Aviation, 6633 Canoga Ave., Canoga 
Park, Calif. 


Guided missile, surface to surface, 
$2,423,653, Firestone Tire & Rubber, 
2525 Firestone Blvd., Los Angeles 54, 
Calif. 


Launching area items, $113,225, Doug- 
las Aircraft, 3000 Ocean Park Blvd., Santa 
Monica, Calif. 


Blue streak and emergency repair parts 
for the Nike system, $168,036, Douglas 
Aircraft, 3000 Ocean Park Blvd., Santa 
Monica, Calif. 


Nike-Hercules launching items, 
$24,005,157, 


Douglas Aircraft, 3000 


and blew a cool song in a hot session 


This little pressure pickup with the square 
name, P3600, is the craziest, man, it really digs 
the scene. Like man, the most. Here’s what 
you've got to know to be hip about this little cat: 

It really digs 650 divisions of F 

It swings in corrosive media 

It’s crazy about 20-g vibration up to 2500 


cycles 

It speaks clear and true when the scene 
gets rough 

It’s available man, like from 0 - 50 psig to 
0 - 5000 psig 


It makes it with AM or FM 

It lays on small, like only 4 ounces 

Gage models are now ready to leave the 
pad, and others like absolute and differential are 
warming up to crow. Wiancko has prepared a real 
cool story about the P3600 called Product Bulletin 
107 that lays it out real sweet and is free, man 
— just write. 


Wiancko Engineering Company 
255 No. Halstead Avenue e Pasadena, California 


e Eastern 


No. 2 South Maple Ave. 
Ridgewood, New Jersey 
Phone: Gilbert 4-2444 


@ Northern California 


Cowper-Hamilton Bldg. 
Palo Alto, California 
Phone: DAvenport 6-7053 


e Southern California 


3410 E. Foothill Blvd. 
Pasadena, California 
Phone: Elgin 5-7186 


Ocean Park Blvd., Santa Monica, Calif. 


Dart, rocket motors and igniters, $36,- 
094, Grand Central Rocket Corp., P.O. 
Box 111, Redlands, Calif. 


U. S. Army SIGNAL SuppLy AGENCY, 225 
S. 18th St., Philadelphia, Pa. 


Low speed drone systems, $9,069,071, 
Radioplane, A Div. of Northrop Aircraft 
Inc., Van Nuys, Calif. 


Radiosonde, $69,000, General Instru- 
ment Corp., Newark, N.J. 


Study of plasma acceleration, $56,085, 
Stevens Institute of Technology, Hobo- 
ken, N.J. 


Study leading to the establishment of 
improved cables and connectors for 
guided missile systems, $370,000, RCA 


Service Co., Div. of RCA, Camden, N.]J. 


Research study concerning paramag- 
netic resonance in the solid state, $50,000, 
New York Univ., New York, N.Y. 

Additional study for 9 months of solid 
state two level high power masers, $99,- 
800, Stanford Univ., Stanford, Calif. 


Additional research work on moon- 
relay transmission, $35,000, Univ. of Tli- 
nois, Urbana, Ill. 

Shelter surveillance drone control, 
$34,184, Service & Supply Co., Tucson, 
Ariz. 

Research study and investigation for 6 
months of the wind response characteris- 
tics and the estimated wind deviation of 
the Little John rocket, $47,372, Radio 
Corp. of America, Moorestown, N.J. 
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Space Flight U.S.A. 


(CONTINUED FROM PAGE 38 ) 


$350 million of facilities. 

These funds should satisfy Glennan, 
who sees NASA functioning rather as 
did NACA. But Dryden has spoken 
for a broad space program for NASA. 
His words are worth quoting, even 
though they were delivered before his 
recent appointment. “The space pro- 
grams we will be proposing soon for 
NASA accomplishment are three-fold 

adequate research on space tech- 
nology problems. . .development and 
use of unmanned vehicles capable of 
carrying the desired scientific data- 
gathering apparatus. . .development 
and orderly use of man-carrying ve- 
hicles in the exploration of our solar 
system.” 


Work Through Contracts 


The working arrangement to fulfill 
this program would, as Dryden sees 
it, be contractual between NASA and 
teams of experts and laboratory and 
industrial groups already in existence. 
According to Dryden, “So long as the 
technical and production competence 
of the aircraft industry can keep up 
with the exploding (sic) needs of the 
national space program, the same rea- 
sons (cost, limit on professionally 
trained people, and time) that dis- 


courage construction of new labora- 
tories and scientific teams to perform 
work that can be done by in-being re- 
search organizations will apply to 
spacecraft development and construc- 
tion.” 

NASA will add some new facilities 
to its existing ones, but so would have 
NACA. As Dryden says, most of the 
activity NASA will add to the nation’s 
space program will come as applied 
research conducted in its facilities and 
through subsidizing the services of 
groups with “special competence in 
specific areas.” Dryden said, 
“NASA will have to develop new 
space vehicles.” It is hard to imagine 
just what NASA will develop that 
other agencies are not already hot on 
the trail of. Indeed, the fate of any 
NASA plan to develop space vehicles 
may reflect in the proposal to give our 
national space agency Vanguard, that 
is to say, the minimum-satellite pro- 
gram. 

NASA appears a minor term in the 
U.S. equation for space flight. The 
big factors must then be DOD and en- 
terprising, forward-looking industrial 
concerns with some major position in 
the missile and aircraft field now. 
There will be no penny ante players 
in the game of space. At stake are 
multibillion-dollar projects and, at 
least potentially, the social fabric of 
our country. 

By and large, 


industry takes sub- 


| 


TV Monitors Rocket Tests 


Technicians in blockhouse view closed-circuit TV monitors 


(top), part of a $300,000 system of complete camera- 
receiver “chains” built by Hallamore Electronics to check 


static firings at Aerojet’s Sacramento facility. 
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scription from DOD in the develop- 
ment and manufacture of missiles, and 
for understandable reasons both tech- 
nical and military. But space pro- 
grams do not demand military plan- 
ning or supervision. 

That leaders in the industry see this 
shows in the formation of “space tech- 
nology” and “astronautics” divisions 
in companies large and small and, 
more particularly, in the consolida- 
tions so-called joint ventures 
sweeping the business world. One 
can mention the truly impressive ar- 
ray of companies allied to work on 
Dyna-Soar and the recent confedera- 
tion of GM, Thiokol with its already 
diverse facilities, and Callery Chemi- 
cal, as well as modern corporate giants 
like General Dynamics. 

In conjunction companies can bid 
better, of course, for major missile 
programs. These will of necessity 
come through DOD. But in a few 
years, an industrial enterprise with 
central planning and management, 
varied engineering talent and facilities, 
and proven manufacturing resources 
will be in position to accept a franchise 
on space. 


Marking Time 


Where does this leave our space 
program? A fair answer might be, 
waiting for real planning and_ the 
events of the next three vears. Large 
amounts of engineering talent will not 
be drained from the missile programs 
until 1962 has passed, in fear of mili- 
tary weakness in that period. When 
military hardware can be spared, or 
military aims coincide with possible 
space projects, as with the Sentinel 
(Pied Piper) satellite and the X-15, 
we may put some big hardware into 
space, and perhaps a man, though this 
is questionable. The major effort of 
space flight, as Mr. Glennan rightly 
observed, will be in the laboratory. 
Part of this applied research will take 
the form of developing engineering 
talent for space projects. The degree 
of preciseness in engineering will need 
to advance an order of magnitude, as 
they say, in the next few years to 
make space systems practical. En- 
gineers across the country will be 
learning this need for precision and 
how to see it into hardware. Finally, 
the industrial community will reform 
to meet the challenges to its tech- 
nological order, its social leadership, 
and its economic independence. 

The leisurely formation of NASA 
and its retiring position signal this 
conservative entry to the age of space 
flight. There is only the danger of ar- 
riving in that age too little and too 
late. 

—John Newbauer 


g 
pam 
— 


THE NAVY’S DEADLY FLYING FISH 


It’s called TALOS .. 
member. 

It’s the missile now installed on the 
Navy’s newly-commissioned guided- 
missile cruiser, the U.S.S. Galveston. 
It’s a surface-to-air weapon that can 
knock invading aircraft out of the 
skies. 


name to re- 


Deadly accuracy 

It’s part of a weapon system conceived 
by Applied Physics Laboratory of 
Johns Hopkins University. Using an 
air-borne guidance system developed 
by ITT engineers, TALOS locks on its 
target...seeks it relentlessly, the way a 
compass needle seeks North...swiftly 
overtakes and destroys it. 

The deadly accuracy of TALOS 
makes it one of the most important 
and successful weapons available for 
the defense of our skies. 


The Army will use it too 

So keen, so accurate is its air-borne 
guidance system, the Army will use 
TALOS too. The Navy and the Army 
are pooling their resources— working 
in close, effective cooperation—to de- 
velop land-borne, mobile launching 
devices and modified firing controls 
. . . to take the fullest advantage of 
TALOS’ remarkable “brain power” and 
striking power. 

The big job of ITT in missile guidance 
TALOS is just one of the missile tasks 
that have been assigned to ITT. The 
Army’s LACROSSE is another. ITT en- 
gineers developed its complete guid- 
ance, ground, air, tracking, and com- 
puting systems. They contributed to 
RASCAL, for the Air Force. They de- 
veloped the launching and firing con- 
trols and test equipment for BOMARC, 


another Air Force missile. ITT engi- 
neers developed, designed and sup- 
plied much of the vital communica- 
tion systems providing telephone serv- 
ice and warning information at the 
ATLAS intercontinental missile bases. 

It’s a big job—requiring research, 
experience, skill, imagination in elec- 
tronics and other fields. It’s a job that 
ITT is proud to be a part of. 


. the largest American-owned world-wide 
electronic and telecommunication enterprise, 
with 80 research and manufacturing units, 14 
operating companies and 128,000 employees. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Broad Street, New York 4,N.Y. 


FARNSWORTH ELECTRONICS COMPANY * FEDERAL ELECTRIC CORPORATION * FEDERAL TELEPHONE AND RADIO COMPANY * ITT COMPONENTS DIVISION 


ITT INDUSTRIAL PRODUCTS DIVISION) 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 


ITT LABORATORIES 


INTELEX SYSTEMS, INC. e 


INTERNATIONAL STANDARD ELECTRIC CORPORATION 


ROYAL ELECTRIC CORPORATION * AMERICAN CABLE & RADIO CORPORATION * LABORATORIES 
AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES 
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MISSILE, SATELLITE AND /OR 
SPACE VEHICLE 
PERFORMANCE STUDIES 
AND ANALYSIS 


GENERAL ELECTRIC'S 


Missile and Space Vehicle Department 


has openings at its Aerodynamics Operation for the 
following senior people in the guided missile and 


space vehicle field: 


AERODYNAMICS DESIGN ENGINEER 


Determination and evaluation of missile configurations which meet 
aerodynamic requirements and are consistent with limits imposed 
by thermodynamic, structural, control, and other considerations. 
This man will eventually have project responsibility for the aero- 
dynamic design of the missile. 


DYNAMICS AND STABILITY ENGINEER 


Plan and conduct investigations related to stability and free flight 
dynamics problems in missile flying characteristics, utilizing avail- 
able analog and digital computer facilities; evaluate the validity 
and limitations of the studies and present the results in a form suit- 
able for use in the mechanical and structural design of missile com- 
ponents and in the evaluation of acceptable flying characteristics. 


PERFORMANCE ANALYSIS ENGINEER 


Create solutions of trajectory performance analysis which shall be 
useful and adequate for missile and space vehicle design. He will 
investigate the possibilities and implement where possible new 
techniques for analytically determining performance characteristics 
associated with airborne weapon systems. 


PERFORMANCE AND LOADS ENGINEER 


Conduct a program of analysis for the solution of technical prob- 
lems concerned with the over-all performance of missiles and eval- 
uate complete missile system for consistency with performance re- 
quirements. He will formulate the analog and digital computer 
performance studies necessary to optimize design. 


The major technical programs at the Missile & Space Vehicle De- 
partment are carried on under long-term prime development con- 
tracts. The climate here is one of scientific curiosity pursued under 
ideal laboratory conditions. 


Please send your resume in complete confidence to: 
Mr. Richard Eddy, Div. 69-MV 


MISSILE and SPACE VEHICLE DEPARTMENT 
(formerly Missile & Ordnance Systems Dept.) 


GENERAL ELECTRIC 


3198 Chestnut Street, Philadelphia 4, Pa. 
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Peaceful Space Talk 


(CONTINUED FROM PAGE 41 ) 


aided in drawing up the program, and 
Soviet cooperation is expected. 

The Russians presented only three 
papers at the meeting and again 
studiously avoided any reference to 
the vehicles or fuels used in launching 
their Sputniks, confining themselves, 
as usual, to geophysical data obtained 
by the satellites. 

Dr. Sedov presented a paper on 
“Dynamic Effects on the Motions of 
Earth Satellites”; Dr. Ogorodnikov, a 
preliminary summary of “Optical 
Observations of Artificial Earth Satel- 
lites”; and V. I. Krassovsky, a paper 
on “Exploration of the Upper Atmos- 
phere with the Help of Sputnik II.” 

Much of the material contained in 
these papers had previously been pre- 
sented at earlier IGY meetings and 
the international astronomical confer- 
ence held earlier in the month in 
Moscow, and attended by a number 
of the American delegates. 

One item of interest in Dr. Krassov- 
sky’s paper was a description of the 
unusual “ion traps” used in Sputnik 
III to make direct measurements of 
the concentration of particles in the 
ionosphere, and thus determine ion 
distribution with height. Dr. Krassov- 
sky also indicated that Sputnik HI had 
passed through a_ relatively severe 
meteor shower in its orbital flight. 

Fittingly held in a center of science 
—the Amsterdam Municipal Univer- 
sity—the conference presented a num- 
ber of outstanding technical papers, 
running the full gamut of the astro- 
nautical sciences, from propulsion to 
space medicine. 

David Altman of Aeronutronic Sys- 
tems presented an interesting paper 
on “Chemical Propulsion in the New 
Space Age.” In the midst of a spate 
of papers on exotic propulsion systems, 
Dr. Altman plumped for chemical pro- 
pellants, noting that chemical fuels 
would be used exclusively in long- 
range missiles and space vehicles in 
the immediate future (5-10 years) 
and that, even beyond that period, 
chemicals offer certain advantages 
over more exotic propulsion devices 
for both primary and auxiliary power 
systems. 

Taking a similar tack in the first 
paper delivered at the Congress, 
Theodore von Karman of AGARD, in 
the course of a discussion of magneto 


| fluid dynamics in relation to space 


flight problems, pointed out that the 
most important task at present is not 
to dream up new and ingenious pro- 
pulsion schemes, but rather to reduce 
the weight of devices which produce 
electric power. 


DEHYDRATION OF GASES 
PRESSURES UP TO 12,000 PSI 


New Leakproof Design 
—Chambers and Car- 
tridges “‘O” Ring sealed, 
no possibility of gas by- 
passing the cartridge. 


No tools required to 
change cartridge or 
Mechanical Filter Ele- 
ment for cleaning. 


Manual or Automatic 
Units. Portable, station- 
ary or airborne instal- 
lations. 


WRITE FOR DETAILS 


2350 E. 38th St., Los Angeles 58, Calif. 


The 400 cycle mod- 
els now in produc- 
tion are described 
in Bulletin AWH ET 
602. 


The 


sections of an electronic console can be monitored. 


Use 


“A. W. HAYDON 


company’s 


SUB-MINIATURE HERMETIC 


ELAPSED TIME INDICATORS. 


You, too, can afford the space to keep track 
of time! From now on, these really small 
(14") Elapsed Time Indicators will keep 
company with the best of Electronic Miracles. 


illustration shows how the operating time of various 


The dial type units read up to 2,500 hours in 
one hour increments, while the digital type units 
read up to 9999.9 hours in one-tenth hour in- 
crements. Designed for military applications, 
these 414 ounce units can save valuable panel 
space in industrial and electronic applications. 


The 


COMPANY 


250 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


of El tre-Mecheni 


| Timing Devices 


Many of the discussions at the meet- 
ing centered on the intense band of 
radiation uncovered by the satellites. 
Russian papers made only passing ref- 
erence to the radiation, but A. R. 
Hibbs of JPL presented a paper on the 
latest data obtained from the Ex- 
plorers and Fred Singer of the Uni- 
versity of Maryland offered a theory 
to account for the radiation and sug- 
gested ways and means of protecting 
against the radiation and of experi- 
mentally testing the theory. 

Another outstanding American pa- 
per was that by W. E. Moeckel of 
NACA Lewis Lab on “Interplanetary 
Trajectories with Excess Energy,” in 
which the author discussed reduction 
of the length of time required for 
interplanetary flight with the least ex- 
cess energy. The paper reviewed cal- 
culations of the time components of 
such trips as a function of the velocity 
increments for several promising 
families of trajectories. 

H. J. von Beckh of Holloman Air 
Development Center presented an in- 
teresting paper on weightlessness and 
its physiological and psychological*ef- 
fects on human beings, while Dr. 
Whipple discussed the feasibility of an 
orbiting astronomical telescope. 

Exotic propulsion techniques came 
in for plenty of discussion at the meet- 
ing. Among the more important pa- 
pers in this area were those by Dr. 


Singer, on photon propulsion; by O. I. 
Rice of the University of North Caro- 
lina, on the recombination of atoms 
and other energy-exchange reactions; 
by Dr. Shepherd and J. H. Huth of 
Rand Corp. (see page 24) on electri- 
cal propulsion systems; by H. 
Bostich of Stevens Institute of Tech- 
nology, on plasma motors; and by 
George C. Szego of G.E. on similitudes 
and limitations in unconventional 
propulsion systems. 

Action on selection of a permanent 
secretariat and a permanent location 
for IAF headquarters was put off for 
a year because of lack of funds, but 
the problem will be studied in detail 
this year while efforts will be made to 
raise funds for this purpose. 

The budget was increased to $3000 
for the coming year, $1000 more than 
for this vear, the increase coming from 
higher membership dues. The Con- 
gress voted to increase ARS dues from 
$1000 to $1500, BIS dues to $500 and 
Russian dues to $100. Minimum dues 
have been set at $15 for societies with 
less than 100 members, rising at the 


rate of $10 per additional 100 
members. 
Societies from Nationalist China, 


Bulgaria, Greece and Israel became 
IAF members at the Congress, while 
India, Czechoslovakia and Iran were 
given observer status. The Chilean 
society and the Univ. of Cuyo were 


dropped for nonpayment of dues and 
the Egyptian society placed on notice 
for the same reason. 

For the first time, the International 
Telecommunications Union had an 
observer at the Conference. The IAF 
is working with the ITU to find a 
solution to radio frequency allocations 
for astronautical purposes, under the 
chairmanship of Andrew G. Haley. 

A revised and expanded glossary is 
planned for the near future, and it is 
hoped that the new volume will be a 
complete handbook of rocketry and 
astronautics. In addition, a guide is 
being prepared for international deci- 
mal classification of astronautical 
literature. 

Numerous social functions spiced 
the meeting program. <A_ reception 
was held at the Rijksmuseum, among 
the Rembrandts and Vermeers the 
first evening; one day was left open 
for a trip to Rotterdam; the munici- 
pality of Amsterdam provided a free 
trip through the canals one evening; 
and the Congress came to an end 
with a gala banquet which drew an 
attendance of 200. 

During the Conference, President 
Haley was honored with the Grotius 
Medal from the Grotius Foundation of 
the city of Munich for distinguished 
contribution to international — law, 
along with Charles Rhyne, president 
of the American Bar Association. 
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A New Building 
Block Is Added at 
BJ ELECTRONICS 


BORG-WARNER CORPORATION 


ELECTRONICS, INC. 


NOW MERGED 


Northam miniature magnetic tape recorders and recording systems, 
variable reluctance transducers, miniature accelerometers, airborne 
carrier systems, ground playback data reduction systems and special 
meteorological instrumentation are now available from BJ Electronics, 
Borg-Warner Corporation. 

The Northam merger complements and extends the important group 
of products and services presently offered by BJ Electronics. Work 
backlog now transferred includes a USAF contract for high atmos- 
pheric wind sounding rockets, and further expansion of Northam 
a multi-channel FM magnetic tape recording systems for missile nose 
cone flight test data acquisition. 


Complete technical literature and the services of field engineering 
personnel are immediately available upon request. 

Now—one source for all BJ Electronics 

and Northam products 

BJ Vibrotron® Digital Transducers 

BJ Radio-Frequency Test Instrumentation 

BJ Data Measurement—Processing Systems 

BJ Nuclear Instrumentation 


Northam Miniature Magnetic Tape Recorders and 
Recording Systems 


ne Northam Variable Reluctance Transducers and 
Miniature Accelerometers 


Northam Meteorological Instrumentation 
Performance and Environmental Testing 


mm BJ ELECTRONICS 


= BORG-WARNER CORPORATION 


Reliability you can count upon 
warner 


3300 NEWPORT BOULEVARD, P.O. BOX 1679, SANTA ANA, CALIFORNIA 
EXPORT SALES: BORG-WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
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Linking Computer-Machine 
Cuts Wing Production Time 


Convair has realized a long antici- 
pated dream of going straignt trom 
equations to automatic macnining of 
an aerodynamic surtace by linking a 
digital computer, a numerical con- 
verter that puts machining directions 
on magnetic tape, and a tape-directed 
horizontal mill capable of cutting com- 
pound curves within the limitations 
of three axes. 

This linking of computer and ma- 
chine tool will cut the 2000 or so man- 
hours needed to make a wind tunnel 
model wing to 200 hours or less. 
Upper and lower surfaces of the knife- 
edge wing for the F-106 have been 
made in one unit by means of this 
technique, which suggests the extent 
to which it may be applied to missiles 
and supersonic aircraft. 


Airborne Control for Lacrosse 


Cornell Aeronautical Laboratory is 
developing an airborne control system 
for the Army Lacrosse surface-to-sur- 
face missile. The present system is 
controlled by a forward observer on 
the battlefield. 


Environmental Chamber 
For Vibration Testing 


This 8 x 12 ft (inside) environ- 
mental chamber, built by Tenney Eng. 
Co. for Stromberg-Carlson, will hold 
a vibration testing machine weighing 
3 tons, and give temperatures from 
—120 to 350 F, humidity from 20 to 
95 per cent, and altitudinal pressures 
up to 20 mi. A 20-ton concrete block 
isolates the vibration machine. The 
facility will be used by Stromberg- 
Carlson to test military electronic 
equipment, including missile compo- 
nents. 
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NIAFRAX® ROCKET NOZZLES 


NIAFRAX rocket nozzles can be produced to very close tolerances, and in intricate shapes. 
Diameters available range all the way from 1” to well over 30”. 

In uncooled rocket motors, NIAFRAX silicon-nitride-bonded silicon carbide refractories 
stand up to extreme temperatures, heat shock and erosion for the full burning time. 

In fact, NIAFRAX nozzles and liners will often last through several firings. For details, 


write Dept. K:108, Refractories Division, The Carborundum Company, Perth Amboy, N. J. 


CARBORUNDUM 


Registered Trade Mark 


For close tolerances... 
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Safe-Load Relay: Designed to re- 
spond to all momentary overloads, 
relay adapts to machine tools and 
multimotored transfer and automation 
setups. Relay can be reset immedi- 
ately as it cuts off current. Baker 
Perkins, Inc., Saginaw, Mich. 


Perforated-Tape Reader: An input 
unit with Burroughs 220 electronic 
date-processing system, a commer- 
cially available tape reader operates 
at 1000 characters /sec. It photoelec- 
trically reads paper-tape program- 
ming data into control and computer 
systems; adapts to any standard-width 
commercial tape, from five to eight- 
level code. Burroughs Corp., Electro- 
Data Div., 460 Sierra Madre Villa, 
Pasadena, Calif. 


Tubular Circuits: Solderable silver 
circuits on either the exterior, interior 
or both surfaces of almost any non- 
conducting tubing. Generally, an in- 
side diameter of '. in. is required for 
circuitry, but continuous coatings for 
shielding or conduction have been ap- 
plied to tubes with 0.020-in. diam. J. 
Frank Moston Co., Flourtown, Pa. 


Phase-Lock Receivers: Series 1400, 
covers frequency ranges of 215 to 269 
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equipment and processes 


megacycles. Phase-lock increases 
data accuracy under weak signal con- 
ditions by lowering receiver threshold, 
improving the signal-to-noise ratio. 
In the case of IRIG FM/FM teleme- 
try using standard receivers of 500-ke 
bandwidth, noise bandwidth can be 
reduced by a factor of approximately 
2.5 when all subcarriers are used. 


News-Clarke Co., Div. of Vitro Cor- 
poration of America, 919 Jesup-Blair 
Drive, Silver Spring, Md. 


Universal Meter: Model REL-500, 
performs as a stability meter, millivolt- 
meter, micromicroammeter, megohm- 
meter, capacity meter, PH meter and 
as an electrostatic volmeter. Current 
is measured without adding appreci- 
able resistance to circuit being meas- 
ured. Full-scale reading, 0.001 pa; 
input impedance, up to 100 million 
megohms. Rheem Manufacturing Co., 
Electronics Div., 7777 Industry Ave., 
Rivera, Calif. 


Glass Capacitors: Operating at 
temperatures up to 572 F with ca- 
pacitances up to 10,000 mmfd, new 
capacitors give DC voltage of 300 V 
peak working temperatures, are 
highly resistant to nuclear radiation. 
Corning Glass Works, Corning, N.Y. 


Scintillation B-A Spectrometer: 
For automatic data processing with 
atomic instrumentation, including iso- 
tope purity analysis, isotope identifica- 


tion and analysis in single and mul- 
tiple tracer studies, activation analy- 
sis, and investigations of physical in- 
teractions, absorption and _ particle 
scattering. Baird-Atomic, Inc., 33 


University Road, Cambridge 38, Mass. 


i 


Cryogenic Swivel Joint: Lox and 
other liquefied gases in transfer can 
circulate freely in the thrust-bearing 
races of this swivel joint, taking ad- 
vantage of the lubricity of the fluid. 
Joints under 2 in. diam handle pressure 
to 2500 psig at 160 F. Chiksan Co., 
Subsidiary of Food Machinery and 
Chemical Corp., 33 N. Pomona Ave- 
nue Brea, Calif. 


Extruded Teflon: In a variety of 
intricate, dimensionally accurate, ex- 
truded shapes. Continuous shapes for 
electrical and electronic uses have a 
dielectric strength from 500 to 2000 
v mil; no change of electrical proper- 
ties with temperature from —25_ to 
250 C or frequency from 60 cycles to 
100 me; and 3 zero moisture absorp- 
tion. Pennsylvania Fluorocarbon Co., 
Inc., 1115 N. 38th Street, Philadelphia 
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An invitation 


to 


senior scientists 


A $14,000,000 R & D Center, 
housing 9 new laboratories, was 
revealed as core of Republic’s 
$35,000,000 Research and 


an d Development Program at recent 
announcement by Mundy |. Peale, 
en £ i neers President, and Alexander Kartveli, 


Vice-President for Research 
and Development. 


..«- 10 join Republic Aviation’s new 
$35 million Research and Development Program 
for spacecraft, missiles and advanced aircraft 


In announcing Republic’s $35 million research and development program, designed to arrive 
at major breakthroughs in the aviation industry’s transition to astronautics, Mundy I. Peale, 
President, set the following objectives: 


“... ACCELERATION OF PROJECTS ALREADY UNDER WAY AT REPUBLIC 


A 


ON LUNAR PROGRAM FOR MANNED SPACE VEHICLES, AND MISSILES 
TO DESTROY ORBITING WEAPONS, AND INITIATION OF INVESTIGATIONS 
LEADING TO NEW CONCEPTS FOR INTERPLANETARY TRAVEL.” 


“ ..RADICAL NEW FAMILIES OF LONG-RANGE AIR-TO-AIR MISSILES AND 
AIR-TO-SURFACE BALLISTIC MISSILES FOR STRATEGIC AND TACTICAL 


AIRCRAFT.” 


“...VERTICAL TAKE-OFF FIGHTER-BOMBERS, HIGH-MACH FIGHTER- 
BOMBERS, AND SUPERSONIC TRANSPORTS.” 


Alexander Kartveli, Vice-President for Research and Development, emphasized that Republic’s 
program “will not duplicate in any way investigatory work currently in progress elsewhere, 
but will stress novel concepts and new approaches to basic problems of missiles and space 


technology.” 


The program includes construction of a $14 million R & D center to house 9 new laboratories, 
and anticipates doubling the present research staff. 


Senior men interested in the new possibilities created by a simultaneous exploration of all 
aspects of Flight Technology are invited to study the functions of the new laboratories for 


more detailed information: 


SPACE ENVIRONMENTAL DEVELOPMENT LABORATORY 

To simulate space flight conditions and test missile, satellite 
and spacecraft systems and components; investigate human 
engineering problems. 

RE-ENTRY SIMULATION & AERODYNAMIC LABORATORY 

To study hypersonic shock dynamics, real gas effects, heat 
transfer phenomena and magnetohydrodynamics. 

MATERIALS DEVELOPMENT LABORATORY 

Study effects of high velocity, temperature, and space environ- 
ment on materials for spacecraft, missiles and advanced weapons. 
GUIDANCE & CONTROL SYSTEM DEVELOPMENT LABORATORY 

To develop and test guidance and control systems for space- 
craft, missiles and aircraft. 


ELECTRONICS DEVELOPMENT LABORATORY 

Study and explore all problems connected with highly special- 
ized, complex electronic systems required for advanced forms 
of spacecraft, missiles and aircraft. 


ADVANCED FLUID SYSTEMS DEVELOPMENT LABORATORY 

To develop and test fluid power systems for spacecraft and 
missiles capable of operation under extremely high tempera- 
ture, high pressure conditions. 


MANUFACTURING RESEARCH & DEVELOPMENT LABORATORIES 

To develop advanced manufacturing processes and techniques 
for materials used in missiles and spacecraft. Laboratories for 
each of the following areas : Non-Metallics, Metallics, Welding. 


Qualified men are invited to write directly to: 
A. Kartveli, Vice President, Research and Development 


STEP 


FARMINGDALE, Lonc IsLAND, NEw YORK 
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MISSILE SYSTEMS ANALYSIS 
OPERATIONAL ANALYSIS 


Chance Vought—producer of Regu- 
lus missiles, Crusader fighter series— 
active in advanced ASW and space 
projects—has two immediate open- 
ings for college graduates with at 
least 6 years’ experience in systems 
or operational analysis. 


To work on Regulus and other ad- 
vanced missile systems. Must be 
able to evaluate weapon system re- 
quirements; establish criteria and 
methods for weapon system analysis; 
assess capability and develop and 
evaluate tactics for weapon system 
in operating environment. 


MISSILE SYSTEMS ANALYSIS 
SPECIALIST. 

Direct broad programs of systems anal- 
ysis, encompassing complete weapon sys- 
tems. Technical supervision of 2 to 15 
personnel, 


WEAPON SYSTEM ANALYST. 
Assess specific problem areas such as defi- 
nition of target-defense complex, evalua- 
tion of missile vulnerability, analysis of 
target destruction capability, ete. 
WRITE 
A, Besio, Supervisor, Engineering 
Personnel, Dept. AS-3. 


A SRCRA 


COMPLETE 


TESTING 


FACILITIES 


* Qualification Tests 
* Evaluation Tests 

* Performance Tests 
* Environment Tests 


Manufacturers of Metal Boss 
Seals to Military Specifications 


TESTING CO. 
1812 Fleet St., Baltimore 31, Md. 
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backing 


Backing up the atomic Sock in the 
Strategic Air Command is 4@ara’s 
incredible fire control svstem for B-52 
bombers. Sighting, setting and shoot- 
ing are all accomplished with deadly, 
automatic accuracy as these lethal 
tail turrets seek out hostile aircraft- 
manned or missile—and blast ’em 
to earth. 


up the SOCK in SAC 


The MD-9 fire control system, 
designed, developed and produced by 
ARMA, (demonstrates ARAMA’s con- 
tinuing leadership in engineering, 
evaluating and producing advanced 
electronic and electro-mechanical 
systems. Garden City, 
N.Y....a division of American Bosch 
Arma Corporation. 


AMERICAN BOSCH ARMA CORPORATION 
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AEROJET 


for 


rocket power: 


AIR FORCE’s BOMARC 


The liquid-propellant 
booster powerplant 
housed in 
BOMARC’s fuselage 
is another outstanding 
engineering 
accomplishment 
by Aerojet. 
The BOMARC 
rocket booster 
is produced at our : 
Liquid Rocket Plant | 


near Sacramento, | 


AEROJET-GENERAL CORP. 


A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 


Engineers. scientists — investigate outstanding opportunities at Aerojet. (Plants at Azusa and near Sacramento, Calif.) 
Opt 
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